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Page  122,  line  1  at  bottom ;  for  "Isaac  Marcus  Goldman"  read  Marcus  Isaac 
Goldman. 

211,  line  16 ;  /or  "Renault,  Z.  H."  read  Renault,  D.  H. 

212,  line  32;  /or  "Panlo"  read  Paula. 
216,  line  23;  far  "Ourvelho"  reod  Curvello. 
2«,  line    2 ;  Jor  "1866"  read  1886. 
208,  line  27 ;  for  "Gal(«erBs"  read  Caloseras. 
269,  last  line;  for  "Berby"  read  Derby. 
290,  line  18 ;  for  "raBMo"  read  reKUlo. 
299,  line  6  from  bottom;  for  "Trlnldade"  read  Trindnde. 
316,  line  8  from  bottom;  for  "Itapurfl"  read  Itapura. 
391,  last  line;  insert  "some"  before  detail. 
394,  line  13 ;  for  "some  distances"  read  such  distances. 

396,  lines  2S-9;  /or  "as  stated  formed"  read  formed  as  stated. 
897,  line    8;  for  "drift,"  read  residual  deposit 

397,  line  31 ;  for  "deepens"  read  was  deepened. 

406,  line  4  from  top;  for  "Reserve  Officers'  Training  Camp"  read  Re- 
serve Officers'  Training  Corps. 

"     406,  line  5  from  top;  for  "Students'  AuxUlair  Training  Camp"  read 

Students'  Army  Training  Corps. 
Pages  416,  418,  and  420,  running  beading;  for  "J.  M.  Stnller"  read  J.  H. 

Stoller. 
Page  421,  line  6  from  top ;  for  "Baldwin"  read  S.  P.  Baldwin. 
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Sessiok  of  Fridat,  December  27,  1918 

The  Thirty-first  Animal  Meeting  of  the  Geological  Society  of  America 
was  held  in  the  rooms  of  the  Department  of  Geology,  Johns  Hopkins 
University,  Baltimore,  Maryland,  on  Friday  and  Saturday,  December  2T 
and  28,  1918,  under  the  presidency  of  Doctor  Whitman  Cross,  of  the 
United  States  Geological  Survey. 

The  first  general  Bession  of  the  Society  was  called  to  order  by  President 
Cross  at  9.40  o'clock  a.  m.,  and  the  Secretary  presented,  in  printed  form, 
the  report  of  tiie  Council  for  the  year  ending  November  30,  1918,  as 
follows : 

REPORT   OF   THE   COUNCIL 

To  tke  Geological  Society  of  America,  in  thirty-first  annual  meeting 
assembled: 

The  regular  annual  meeting  of  the  Council  was  held  at  St.  Louis,  Mo., 
in  connection  with  the  meeting  of  the  Society,  December  87-29,  1917. 
A  special  meeting  was  held  at  Washington,  D.  C,  February  28,  1918. 

The  details  of  administration  for  the  thirtieth  year  of  the  existence  of 
the  Society  are  given  in  the  following  reports  of  the  officers: 

Secbetabt'b  Report 

To  the  Council  of  the  OeologiaU  Society  of  America: 

The  Secretary's  annual  report  tor  the  year  ending  November  30,  191C. 
is  as  follows: 

Meetings. — The  proceedings  of  the  annual  general  meeting  of  the 
Society,  held  at  St.  Louis,  Mo.,  December  27-29,  1917,  have  been  recordeil 
in  volume  29,  pages  1-106,  of  the  Bulletin,  and  of  the  Paleontologies  1 
Society,  pages  119-154,  of  the  same  volume. 

Membership. — During  the  past  year  the  Society  has  lost  sii  Fellows  by 
death— Charles  E.  Eastman.  G.  K.  Gilbert,  J.  D.  Irving,  P.  H.  Mell. 
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C.  R.  Van  Hise,  and  H.  S.  Williams.  The  names  of  the  seventeen  Fellows 
elected  at  the  St.  Louis  meeting  have  been  added  to  the  printed  list.  The 
present  enrollment  of  the  Society  is  404.  Nineteen  candidates  for  Fellow- 
ship are  before  the  Society  for  election  and  several  applications  are  under 
consideration  by  the  Council. 

Distribution  of  the  Bulletin. — There  have  been  received  during  the 
vest  ten  new  subscriptions  ta  the  Bulletin.  Two  subscriptions  have  been 
eanceled — one,  only  temporarily.  The  number  of  volumes  sent  out  to  sub- 
.«cribers  is  now  136.  Five  volumes  are  distributed  gratis  to  the  Library  of 
(.'ongress,  the  American  Museum  of  Natural  History,  and  the  government 
^{eological  surveys  of  the  United  States,  Canada,  and  Mexico. 

The  irregular  distribution  of  the  Bulletin  during  the  past  year  has 
been  as  follows :  Complete  volumes  sold  to  the  public,  9 ;  sold  to  Fellows, 
9;  sent  out  to  supply  delinquenta,  17,  and  deficiencies,  1;  brochures  sold 
to  Fellows,  o;  sold  to  the  public,  35;  sent  out  to  supply  delinquents,  7, 
and  deficiencies,  16.    Index  to  volumes  11-20  sold  to  the  public,  3. 

Bulletin  sales. — The  receipts  from  subscriptions  to  and  sales  of  the 
Bulletin  during  the  past  year  are  shown  in  the  following  table: 
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Complete  voluutee. 

Bro<;h 

ures  and  parte. 

Graiul 

Fellows. 

Public. 

Total. 

Fellows. 

Public. 

ToUl. 

$0.20 
.50 

$0.20 
.60 

$0,3 

.40 

.40 

t7.50 

7. at 

7.50 
7.50 
7.50 
7.50 

7.50 
7.50 
7.50 
7.50 
7..i0 

2.80 

2.80 

Volume  13. . 

1.20 

1.20 

8.71 

7. .50 
7.50 
7.50 
7.50 
7.50 
7.50 

15.00 
7.50 

15.00 

07.50 
800.00 

5.i.00 

"'  7;m' 

U.OO 
15-00 
15.00 
15. 00 
15.00 
22. .50 
15.00 
30.00 
ti7.50 
800.00 
5.1.00 

4.82 
3.00 
2.10 

4.82 
3.00 
2.10 

Volume  20... 
Volume  21-., 

$7,50 

7.. in 

7..iO 
7.50 
7  50 
7.M) 
7.50 
15.00 

18.0 
17. li 

Volume  2:!.,. 

.40 

.40 

15.4 

Volume  Z--)... 

Volume  2«... 
Volume  27... 

"fo'.m 

9.40 

1.95 
3.68 
2  00 
85.08 

1.95 

2'.m 

34.48 

24.4 

18.fi 
3-'. 9 

tlO.30 

(108.13 

$118.43 

ToUl.... 

W7.50 

(1,050.00 
10.50 

$1,117.50 

$1,235.9 

10.50 

Total     . . 

$67.50 

*1.01i0.50 

(1,|-J8.00  t  $10.30 

$108.13 

$118.43 

$1,240.4 

Receipts  for  the  fiscal  year $1,246. -I 

Previously   reported 22,0&4.9 


Total  receipts  to  date J23.3( 

Cliarged.  but  not  yet  received  on  Nubxeriptlon  to  volume  29 

Charged,  but  not  yet  received  on  subscription  to  volume  30 


Total  sales  to  date . . 


Expenses. — The  following  table  gives  the  cost  of  adiuinistration  i 
of  Bulletin  distribution  during  the  past  year: 
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EXPKNDITL'BE   OP  SECRETASY'S  OFFICE   D0RINO  THE   FISCAI.  TEAB  ENDING    NOVEtlBEl 
30,   1918 

Account  of  Administration 

I-iintinK  and  stationery |246.S7 

Postage  35.49 

Telegrnma  7.70 

Express  ,. 2.21 

Guest  ticket  for  annual  dinner,  St.  Loui»,  1917 3.00 

Telephone  ami  carfare 2.10 

Krpnlrs  to  rubber  stamp .60 

Porter's  fee. .50 

Collection  of  checks .20 

Exchange  of  ^pewrlter 20.00 

ToUl »318.87 

Account  of  Bulletin 

Eipress *29. 57 

Postage 17.00 

Telegrams   6.53 

Record  book  for  Bulletin  distribution 2.50 

Rubber  stamp. 1.37 

Telephone    .70 

Printing  32. 17 

Collection  of  checks 2.44 

Clerical  and  other  assistance  on  inventory 54.00 

.tddreHKOgraph  plates. .!I8 

Xotarj's  fee 25 

Total 147.51 

Grand  total $466.36 

Ros|)ectfHlh-  submitteil,  Edmund  Otis  Hovey, 

Secretary. 
TBEAStiKEs'e  Report 
To  the  Council  of  the  Geological  Society  of  America: 

Tlie  Treasurer  herewith  eubmits  his  annual  report  for  the  }'ear  ending 
November  30,  1918. 

The  memberBhip  of  the  Society  at  the  present  time  is  404,  of  whom  314 
pay  annual  dues.  Seventeen  new  members  were  elected  at  the  last  annua) 
meeting,  16  of  whom  qualified.  One  elected  at  the  1916  meeting  also 
qualified,  making  a  total  of  17  new  members.  There  have  been  6  deaths 
during  the  present  year,  3  Life  Members.  There  was  one  Life  Commuta- 
tion, making  the  present  list  of  living  T^ife  Members  90.     Twenty-six 
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members  are  delinquent  in  the  payment  of  dues — 1  for  5  years,  2  for  4- 
years,  3  for  3  years,  3  for  2  years — and  are  therefore  liable  to  be  dropped 
from  the  roll,  and  17  for  1  year. 


balance  Id  the  treasurf ,  December  I,  1917 $1,(K»4.78 

Fellowsbtp  f(«s,  191B  (2) (20.00 

1918  (2) 20.00 

1917  (12) 120.00 

1018  (280) 2,800.00 

1019  (1) 10.00 

3,060,00 

iQltlatton  fees  (17) 170.00 

Life  CommutaUon  (1) 150.00 

iDterest  on  investmentH  (see  list  of  securities) 1,100.00 

Interest  on  deposits  In  Baltimore  Trust  Company 81.67 

Case  Llbrarj'.  accessions  for  1916 ISO. 00 

Collection  charges  added  to  checlcs .53 

Received  from  Secretary : 

Sales  of  publications $1,246.43 

Payments  of  postage  and  express 14.79 

Collection  of  checks .20 

Binding  two  volumes 4.75 

Author's  separates 596.29 

Author's  corrections 89.73 

Contribution  from  author 2S.O0 


1,977.19 
|8,M4.n 
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Secretary's  office: 

Administration  (318.87 

Bulletin   147.51 

Salary 1.000.00 

Treasurer's  office: 

Expenses   $52.00 

Clerk  100.00 


'   $1,466.38 


192.00 


Publication  of  Bulletin : 

Printing  and  paper $4.391 .  19 

Engraving  321 .  07 

Editor's  allowance 260.00 

4.962.26 

Contribution  to  expenses  of  H.  F.  Reld  for  bis  mission 

to  France. , 400.00 

Refund  on  symposium  paper S.Ob 

Balance  In  Baltimore  Trust  Company 1,660.48 

$8,644.17 
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U8T  or  BicoRims 
Bond* 

Par 

$2,000.     Texas  aad  Pacific  Railway  Company  lat  Mortgage  5*3.    L>iie  June  1. 

2000  (Noa.  1191&  and  20S92). 
1.000.     Sl  Louie  and  San  Francisco  Railroad  Company  Equipment  5's.     Due 

February  1,  1919  (No.  1171). 
2.000.     Fairmont  and  Clarksburg  Traction  Company  Ixt  Mortgaxe  5's.     Due 

October  1,  1938  (Nos.  20  and  30). 
3.O0O.     Ctalcago  Railways  Company  1st  Mortgage  Q's.     Due  Februar}-  1.  192T 

(No8.  20750,  20751,  aud  45871). 
2,000.     Southern  Bell  Telephone  and  Telegraph  Company  1st  Mortgage  S'h. 

Due  January  1,  IMl  (Nos.  M13217  and  M3218). 
3.000.     United  States  Steel  Corporation  2d  Mortgage  S's.     Due  April  1.  1D63 

(Nos.  2904,  2974.  and  2975). 
2.000.     Con-wlldation  Coal   Company  1st  and   Refunding  Mortgage  40-yeaT 

Sinking  Fund  5's.    Due  December  1,  1950  (Non.  11850  and  118511. 
2,000.     American  Agricultural  Chemical   Company  1st  Mortgage  5'r.     Due 

October  1,  192S  (Nos.  5834  and  6356). 

Stocks 

10  shares  of  the  capital  atock  of  the  Iowa  Apartment  House  Company. 
40  shares  of  the  capital  stock  of  the  Ontario  Apartment  House  Company. 

Respectfully  Bubmitted, 

Edward  B.  Mathews, 

Treasurer. 

Bditob's  Riport 

To  the  Council  of  the  Geological  Society  of  America: 

The  Editor  submits  herewith  his  annual  report.  The  demoralization 
iDcident  to  the  war,  which  has  affected  adversely  bo  many  lines  of  induB- 
try,  has  been  especially  severe  on  the  printing  businees  in  the  city  of 
Wa8hing;ton,  where  the  Society  Proceedings  are  published.  It  is  to  be 
regretted  that  as  a  result  the  issuance  of  Volume  29  has  been  delayed 
greatiy.  Parts  I  and  II  have  been  completed,  and  at  this  writing  Part  III 
is  being  put  in  page  form.  The  manuscript  of  Part  IV  is  in  the  printer's 
hands.  With  the  gradual  resumption  of  normal  business  this  condition 
will  pass  away.  The  Society  may  consider  itself  fortunate  to  have  gotten 
through  the  year's  printing  as  well  as  it  has. 

The  following  tables  cover  statistical  data  for  the  twenty-nine  volume*! 
thus  far  issued : 
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RErji  Sr.tXLicY-BRows,  Editor. 

Dece 

liber 

in,  1 

975. 

)vGoo<^lc 


ELE<TIOS8  11 

Tlie  foregoing  report  is  respectfully  submitted, 

Thk  Council. 
Decetfiber  26.  1918. 

ELKCTIOX    OF   AUDITING    COMMITTEE 

The  Society  \oted  to  lay  the  Council  report  on  the  table  till  the  fol- 
lowing morning  session  in  accordance  with  custom,  and  H.  B.  Kiimniol, 
W.  C.  Mendenhall,  and  E.  W.  Berry  were  elected  an  Auditing  Committee 
to  esftmine  the  Treasurer's  accounts  and  vouchers. 

ELECTION    OF   OFFICERS 

The  Secretary  then  announceil  that  on  the  preceding  evening  tlie 
Council,  in  accordance  with  the  By-Ijaws,  had  canvassed  the  ballots  cast 
for  officers  for  131!)  and  for  Fellows  and  had  found  the  entire  list  of 
Qomineei*  proposed  by  the  Council  to  he  elected,  as  follows  ■ 

OFFICERS  FOR  1913 

r  resident: 

John'  C.  Merriam,  Berkeley,  California 

First   Vice-President  : 

R.  A.  F.  Pexrose,  .Tr.,  Philadelphia,  Pennsylvania 

Second  Vice-President : 

Herbeht  E.  GnEooitY,  New  Haven,  Connecticut 

Third  Vice-PrfsidenI: 

Robert  T.  Jacksox,  Boston,  Massachusetts 

Secretary: 

Ermv-vd  Otis  Hovey.  New  York  City 

Treasurer: 

EnwAHD  B.  Mathews,  Baltimore,  Maryland 

Editor: 

Joseph  Staxley-Bhown,  New  York  City 

CouncHors  (7919-1S)^I ): 
William  S.  Bayley,  Urbana.  Illinois 
EroEXE  Wesley  Shaw,  Washington,  D.  0. 


)vGoo<^lc 


12  PROCEEDINGB   OF   THE   BALTIMORE   MEETINO 

ELBCTION    OF    FELLOWS 

Bruce  Lavbe.nce  Clark,  B.  8.,  M.  S.,  Ph.  D.,  Instmctor  In  Paleoiitology.  Uni- 
versity of  California,  Berkeley,  California. 

Charles  Wythe  Cooke,  A.  B..  Vh.  D.,  Paleontologlat,  United  States  Geological 
Surve.v,  Washington,  D.  C. 

Rot  B.  Dickerson.  Ph.  D.,  Curator  In  Paleoatolt^;,  California  Academy  of 
Sciences.  Berkele.v,  California, 

G\-EBETTE  Lee  De  Golyer.  A.  B.,  Consulting  Geologist,  32  Broadway,  New  York 
City. 

Frank  Fitch  Grout,  B.  S.,  M,  S..  Ph.  D.,  Associate  Professor,  University  of 
Minnesota,  Minneapolis,  Minnesota. 

Edmund  Cbcii.  Hakder,  A.  B.,  M.  A.,  Ph.  D.,  Qeologlat,  United  States  Geological 
Survey,  Washington,  D.  C. 

Roawrf.L  H.  Johnson,  B.  S.,  M.  S.,  Professor  of  Geology,  University  of  Pitta- 
burgh,  Pittsburgh,  Pennsylvania. 

HoMEB  Patson  Littij;,  a.  B.,  Ph.  D.,  Professor  of  Geology,  Colby  College, 
Water ville,  Maine. 

KiHTLET  F.  Matjier,  B.  S.,  Ph.  D.,  Associate  Professor  of  Geology,  Queen's 
University,  Kingston,  Outario. 

Geoboe  Charlton  Matsoh,  B.  S.,  A.  M.,  Geologist,  United  States  Geological 
Survey,  Washington,  D.  C. 

[Ct'ZGBto  Paulo  de  Oltveira,  Geologist  of  the  Geological  Survey  of  Brazil,  Rio 
de  Janeiro,  Brazil. 

David  Bsiqht  Reoeb,  A.  B..  B.  S.,  C.  B.,  Assistant  Geologist  West  Virginia 
Geological  Survey,  Morgantown,  West  Virginia. 

Al-btik  Flint  Rogers,  A.  B.,  A.  M.,  Ph.  D.,  Associate  Professor  of  Mineralogy 
and  Petrography,  Stanford  University,  California. 

Gaillabd  Siiersvrm:  RoaeRB,  A.  B.,  A.  M.,  Ph,  D.,  Geologist,  United  Staten 
Geological  Suney,  Washington,  D,  C. 

Waldeuar  T.  Schallbb,  B.  S.,  Ph.  D.,  Chemist,  United  States  Geological  Sur- 
vey. Washington,  D.  C. 

Stuart  James  ScHoriKLD,  M.  A.,  B.  S.,  Ph.  D.,  Geologist,  Geol<%lcal  Survey  of 
Canada,  Ottawa,  Canada. 

Charles  William  Shannon,  A.  B.,  H,  A„-  Director  Oklahoma  Geological  Sur- 
vey, Norman,  Oklahoma. 

E^AR  KiRKE  SopBB,  B.  A.,  M.  A.,  Instructor  in  Economic  Geology,  University 
of  Minnesota,  Minneapolis,  Minnesota. 

WiLBEB  Stout,  B.  E.,  Assistant  Geologist,  Geological  Survey  of  Ohio,  Columbns, 
Ohio. 

NECROLOGY 

After  announcements  regarding  the  order  of  presentation  of  the  papera 
listed  on  and  added  to  the  progxam  and  concerning  certain  arrangementj* 
of  the  local  committee  had  been  made  by  the  Secretary,  the  President 
called  for  the  necrology  of  the  year,  six  Fellows  having  been  lost  by 
death,  namely,  Charles  R.  Eastman,  Grove  K.  Gilbert,  John  D.  Irving, 
P.  H.  Mell,  Charles  E.  Van  Hiae,  and  Henry  S.  Willinms. 
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N  ECHOLOOY 

Memorials  of  deceased  Fellows  were  presented  as  follows : 

UEMOBIAL  OF  QARLAND  CABB  BROADHEAD  ' 


Bj  the  recent  demise  of  Garland  Carr  Broadhead,  at  the  ripe  old  age 
of  85  years,  the  Geological  Society  loses  one  of  its  charter  members  and 
the  country  its  only  eminent  living  pioneer  In  mid-continental  geologv- 
Profesaor  Broadhead  was  the  last  surviving  member  of  a  small  coterie  of 
enthuBiastic  scientists  who,  in  the  third  quarter  of  the  last  century,  espe- 
cially enriched  our  geological  literature  by  their  records  of  numerous  and 
fundamental  observations  in  the  Miaaiaaippi  Valley. 

All  membera  of  this  distinguished  group  were  proteges  of  that  keen 
investigator  and  tireless  worker  in  this  field.  Dr.  David  Dale  Owen.  All 
adopted  the  then  novel  methods  and  followed  the  then  new  precepts  of 
this  famous  scientist  and  master-pioneer  in  earth-study  in  the  New  World. 
The  thoroughness  of  their  training  and  their  sound  grounding  in  the 
advanced  phases  of  that  period  are  amply  attested  by  the  fact  that  after 
half  a  century  of  severest  test  the  resulte  of  their  efforts  stand  today 
without  material  change. 

This  same  congenial  group  of  mid-western  pioneers  in  science  were 
further  particularly  characterized  by  the  circumstance  that,  besides  Wing 
good  geologists,  its  members  were  also  first-rate,  all-around  naturalists. 
The  investigations  on  the  rocks  were  accompanied  by  full  notations  on 
the  local  weather  conditions,  the  peculiarities  of  the  drainage,  the  navi- 
gability of  the  streams,  and  their  value  as  water-powers,  the  character  of 
the  vegetation,  and  the  kinds  and  uses  of  the  forests,  the  characters  and 
habits  of  the  birds  and  animals,  the  agricultural  adaptabilities  of  the 
different  soils,  the  kinds  and  immediate  uses  of  the  various  mineral,  and 
all  like  information  which  was  likely  to  be  of  service  to  incoming  settlers 
in  a  new  land.    Broadhead  had  wide  knowledge  in  all  of  these  branches. 

By  continuing  so  far  heyond  the  allotted  span  of  life.  Professor  Broad- 
head served  to  acquaint  the  present  generation  with  the  older  one  and 
to  impress,  unconsciously,  the  former  with  the  scientific  spirit  and  valor 
of  the  latter.  Voluminous  as  were  the  Broadhead  writings  on  strictly 
geological  topics,  they  were  surpassed  in  number  by  the  accounts  on  sub- 
jects of  natural  history,  anthropology,  and  local  history.  The  refrain 
running  through  all  of  his  work,  through  all  of  his  courses  of  instruction 
at  the  Missonri  State  University  during  the  course  of  his  long  professor- 
ship there,  and  through  his  many  public  lectures,  was  the  adjustment  of 
man's  life  and  efforts  to  his  geological  environment. 

<  Manuaerlpt  received  bj  the  Secrelnry  of  tbe  Socletr.  Marcb  10,  1919. 
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Few  of  the  preBent  generation  of  geologists  were  personally  acquainted 
with  Professor  Broadliead.  Those  of  tlie  generation  inunediately  pre- 
cetling  knew  him  well.  He  belonged  really  to  the  third  generation  back. 
His  colleagues  were  the  men  who  flourished  three-quarters  of  a  centnrj- 
ago.  His  name  is  firmly  linked  with  those  of  Owen,  Shumard,  Norwood, 
Swallow,  Eugelmann,  Hawn,  Meek,  and  Worthen.  Hla  contemporaries 
in  the  East  were  Hall.  Coijrad,  Vanuiera,  Hitchcock,  the  llodgers,  Dana, 
Lesley,  and  L.  Agassi:!.  With  the  passing  of  Broadhead,  the  last  of  the 
heroic  figures  in  American  science  makes  exit  from  the  geologic  stage. 

Garland  Carr  Broadhead  was  bom  October  30,  1827,  near  Charlottes- 
ville, Virginia.  Nine  years  afterward  the  father,  Achillea  Broadhead, 
removed  with  his  family  to  Missouri,  settling  at  Flint  Hill,  in  Saint 
Charles  County,  25  miles  north  of  Saint  Louis.  Here  young  Qarland 
received  hia  early  education,  under  tutors  at  home  and  at  private  schools. 
When  he  matriculated  at  the  Missouri  University,  in  1850,  he  had  already 
shown  a  strong  lient  toward  mathematics,  Latin,  and  history.  Rapid  ad- 
vancement in  the  first  mentioned  branch  led  to  his  entering  the  Western 
Military  Institute,  one  of  the  famous  collegiate  schools  of  that  day,  located 
at  Drenum  Springs,  Kentucky,  Here  he  came  under  the  tutelage  of 
Professor  Hichard  Owen,  from  whom  he  gained  his  first  inspiration  to 
enter  geological  fields.  At  this  time  General  Bushrod  R.  Johnson  held 
the  chair  of  mathematics  and  Colonel  Williamson  the  chair  of  engi- 
neering. These  distinguished  instructors  largely  determined  the  future 
vocation  of  young  Broadhead.  Under  them  he  made  such  rapid  progress 
that  when  the  Chief  Engineer  of  the  Missouri  Pacific  Railroad,  then 
building  out  of  St.  Louis,  went  to  Professor  Williamson  for  assistants, 
Broadhead  was  selected  one  of  the  sun'cyors.  This  post  he  filled  with 
credit  to  himself  and  satisfaction  to  his  chief,  since  in  the  following  year 
he  was  promoted  to  Assistant  Engineer,  in  charge  of  location  lines.  In 
IfiST  he  was  made  Resident  Engineer  of  Construction,  with  headquarters 
at  Hermann.  In  1864  Mr.  Broadhead  married  and  settled  in  Pleasant 
Hill,  near  Kansas  City.  With  headquarters  there,  he  continued  his  rail- 
road work  in  the  capacity  of  Assistant  Engineer.  Construction  work  on 
the  Missouri  Pacific  Railroad  was  then  nearing  the  Kansas  line.  This 
building  lasted  two  years.  Later,  he  was  engineer  of  railways  construct- 
ing in  Kansas,  his  last  work  in  this  field  being  done  in  1880. 

The  Civil  War  brought  railroad  building  for  a  time  to  a  standstill.  The 
strenuous  days  of  that  period  found  Mr.  Broadhead  helping  to  preserve 
the  Union.  In  1862  he  was  commissioned  Assistant  Adjutant  General 
on  the  staff  of  General  J.  B.  Henderson.  During  the  same  year  he  was 
ajipointed  Deputy  Collector  of  Internal  Revenue  for  the  First  District  of 
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^[isso^^^,  which  poet  he  occupied  for  two  years,  or  until  the  close  of  the 
war.  Two  years  Jater  he  was  appointed  by  President  Johnson  as  Assessor 
of  Internal  Revenue  for  the  Fifth -District  of  Missouri,  This  office  he  held 
until  1868,  when  he  resigned  to  take  up  (]uties  on  the  Illinois  Geological 
Survey.  In  1875  he  is  found  preparing  the  mineral  exhibits  for  the 
State  of  Missouri  and  for  the  Smithsonian  Institution  for  the  Centen- 
nial Exposition  at  Philadelphia.  During  the  exposition  he  was  one  of 
tbe  jurors  charged  with  making  awards  in  the  Departments  of  Geology 
and  Mining.  For  many  years  after  1884  Professor  Broadliead  served  as 
a  member  on  the  Missouri  Biver  Commission.  During  a  period  of  five 
years  he  was  the  most  active  and  conscientious  member  on  the  Board  of 
Managers  of  the  Bureau  of  Geologj'  and  Mines  of  Missouri. 

Along  with  his  railroad  surveying  and  construction,  Mr.  Broadbead 
found  ample  time  to  collect  fossils  and  to  study  rocks.  His  geological 
experience  along  the  line  of  the  Missouri  Pacific  Bailroad  from  Saint 
Ijouis  to  Kansas  City  gave  him  an  insight  into  the  broad  features  of  the 
State,  such  as  no  oliserver  had  yet  attained.  These  were  valuable  davs 
in  the  geological  field.  Dr.  George  C,  Swallow,  then  State  Geologist  of 
Missouri,  was  early  attracted  by  the  results  of  Broadhead's  work.  So 
pleased  was  the  State  Geologist  that  he  at  once  employed  him,  in  1857, 
to  assist  in  making  a  geological  reconnaissance  along  the  line  of  the 
Southwestern  Branch  of  the  Pacific  Railroad,  now  the  "Frisco"  System. 
Several  publications  resulted  from  this  work,  I^ter.  as  Assistant  State 
Geologist,  he  investigated  the  mineral  resources  of  several  counties,  hut 
the  formal  reports  were  not  completed  before  the  Civil  War  put  an  end 
to  all  scientific  operations.  These  county  reports,  six  in  number,  were 
published  thirteen  years  nfterwanl,  when  the  Geological  Survey  of  the 
State  was  revived,  under  the  headship  of  Professor  Haphael  Pumpelly. 

In  1868  Mr.  Broadhead  was  appointed  by  Prof,  A.  H.  Worthen,  of 
Illinois,  Assistant  State  Geologist  of  that  State.  During  the  two  years 
that  te  was  engaged  in  this  capacity  he  visited  nearly  every  portion  of 
the  State.  His  concise  descriptions  of  the  geological  features  of  nine 
counties  are  incorporatcfl  in  volume  vi  of  the  Reports  of  the  Illinois 
Geological  Survey.  Those  parts  of  these  reports  which  bear  directly  on 
the  useful  minerals  were  revised  and  republished  in  volume  iii  of  the 
series  entitled  "Economical  Geology  of  Illinois."  Associated  with  Broad- 
head  on  the  Illinois  work  were  A.  H.  Worthen,  F.  B,  Jleek,  then  the 
leading  paleontologist  in  America;  Orestes  Saint  John,  formerly  .Assist- 
ant State  Geologist  of  Iowa  and  foremost  authority  in  this  country  on 
fossil  fishes;  E.  T.  Cox,  afterward  for  many  years  State  Geologist  of 
Indiana :  Leo  Ijesquereaux,  the  most  distinguished  ])aleolK)tanist  in  .Vmer- 
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ica,  and  Dr.  J.  S.  Newberry,  afterward  State  Geologist  of  Ohio  and  a 
paleoDtoIogist  of  more  than  national  reputation — all  names  that  will  be 
forever  aesociated  with  the  geology  of  the  MiBsissippi  Valley. 

In  1871  Mr.  Broadhead  was  recalled  to  Mieeouri  to  serve  as  Assistant 
State  Geologist  under  Prof.  Raphael  Pumpelly,  recently  appointed  direc- 
tor of  the  revived  organization.  Besides  revising  his  county  reports  pre- 
pared under  the  Swallow  regime  a  dozen  years  before,  he  devoted  much 
time  to  an  examination  of  the  Coal  Measures  of  the  region.  Tlie  second 
half  of  the  Pumpelly  volume  contains  the  results  of  these  efforts  and  com- 
prises more  than  400  pages  profusely  illustrated.  This  report  was  pub- 
lished in  1873. 

When,  in  the  middle  of  the  year  1873,  Professor  Pumpelly  resigned  his 
poet  as  Director  of  the  Missouri  Geological  Survey,  Mr.  Broadhead  was 
unanimously  chosen  in  his  place  as  State  Geologist  by  the  Board  of  Man- 
agers. With  reduced  force  and  depleted  funds  he  entered  on  his  difficult 
task.  The  results  of  the  year  and  a  half  of  investigation  are  contained 
in  a  sumptuous  volume  of  800  pages,  which  amply  attests  the  great  vigor 
with  which  the  work  was  prosecuted.  The  State  Geologist  alone  con- 
tributed 20  chapters  to  this  volume,  chiefly  detailed  reports  on  the  mineral 
resources  of  counties. 

As  Special  Agent  of  the  United  States  Census  Bureau,  Mr.  Broadhead 
investigated,  in  1881,  ihe  building  stones  of  Missouri  and  Kansas.  His 
painstaking  report  is  contained  in  volume  x  of  the  Bureau's  publications 
issued  in  1883.  In  later  years  Mr.  Broadhead  contributed  important 
articles  to  the  reports  of  the  Missouri  Geological  Survey.  Two  of  these 
deserve  special  mention.  They  are  entitled  "Coal  Measures  of  Missouri," 
which  is  a  final  revision  and  summary  of  his  work  in  this  field,  and  the 
"Ozark  I'plift  and  the  Growth  of  the  Missouri  Paleozoic,"  which  is  also 
his  last  word  on  this  topic.  The  first  of  these  memoirs  appears  in  volume 
viii  and  the  second  in  volume  xii  of  the  Keyes  reports.  In  the  last  men- 
tioned volume  also  appears  his  "Geology  of  Boone  County,"  which  was 
written  especially  for  the  students  in  geology  in  the  State  University, 
which  is  located  in  that  county. 

When,  in  1887,  he  was  called  by  the  Board  of  Curators  to  the  Chair  of 
Geology  in  Missouri  University,  Professor  Broadhead  succeeded  that  ven- 
erable colleague  of  David  Dale  Oweu,  Dr.  J.  G.  Norwood,  who  had  held 
the  post  for  20  years.  For  a  full  decade  he  performed  with  signal  ability 
the  duties  imposed  by  a  rapidly  expanding  institution.  Before  his  retire- 
ment as  professor  emeritus,  in  1897,  interest  in  earth-study  had  grown 
in  the  university  until  the  work  of  instruction  required  the  time  and 
efforts  of  tliree  teachers  in  place  of  one.  Many  of  Professor  Broadhead"? 
students  have  attained  prominence  in  their  chosi'n  line- 
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Broadhead's  youth  until  he  entered  college  waa  spent  chiefly  in  Saint 
Charles  County.  After  leaving  school  and  entering  on  the  practice  of  his 
profession,  he  was  located  at  various  points  along  the  line  of  the  new 
Missouri  Pacific  Railroad.  As  construction  reached  Pleasant  Hill,  near 
Kansas  City,  he  made  this  place  his  headquarters.  Here,  in  1864,  he 
married  Marion  Wallace  Wright.    Five  children  were  born  of  this  union. 

For  a  period  of  85  years  he  continued  to  make  Pleasant  Hill  his  home — 
until  he  was  called  to  a  profesaorial  chair  in  the  State  University  in 
Columbia,  his  wife  having  died  in  the  meanwhile  (November  %i,  1883). 
In  June,  1890,  he  was  married  to  Victoria  Regina  Royall,  of  Columbia, 
who  survived  him.  Professor  Broadhead,  after  a  brief  illness,  which  did 
not  at  first  seem  to  be  anything  serious,  died  suddenly  on  December  18, 
1912. 

Of  Professor  Broadhead's  scientific  work,  two  features  in  particular 
leave  enduring  impress  on  the  consideration  of  the  geology  of  the  con- 
tinectal  interior.  His  differentiation  of  the  Coal  Measures  of  Missouri 
and  Kansas  stands  today  essentially  as  he  clearly  demarkated  them  nearly 
half  a  century  ago.  \ames  change,  perhaps,  but  his  subdivisions  remain 
practically  undistnrbed.  They  withstand  every  test  and  many  an  attack 
to  break  them  down  without  success.  The  classiii cation  thus  outlined 
constitutes  an  integral  part  of  the  standard  rock  scheme  for  the  Carbonic 
Period  of  North  America.  His  second  notable  achievement  of  more  than 
local  bearing  is  his  establishment  of  the  Ozarkian  Series,  the  great  suc- 
cession of  late  Cambric  rocks  found  not  only  typically  developed  in  Mis- 
souri, but  extended  far  and  wide  to  the  northward  in  the  Upper  Missis- 
sippi Valley.  Both  of  these  generalizations  hold  high  rank.  They  will 
ever  be  connected  with  his  name. 

As  a  man,  Professor  Broadhead  was  genial,  courteous,  and  considerate — 
a  thorough  Virginian  gentleman  of  the  old  school.  His  interests  were 
wide.  His  detailed  knowledge  of  events  and  men  was  astonishing.  Few 
persons  in  Missouri  were  so  familiar  with  the  ins  and  outs  of  local.  State, 
and  national  politics.  He  was  a  mine  of  valuable  information  on  the 
early  history  of  the  State  and  the  West,  and  his  intimate  ar(|uaintance 
with  the  historic  spots  of  hia  State  showed  clearly  how  widely  and  well 
he  had  traveled.  On  local  matters  relating  to  geology  he  was  the  most 
helpful  man  I  ever  knew. 

My  first  meeting  with  Professor  Broadhead  I  well  remember.  Prior 
to  that  time  for  more  than  a  decade  there  had  been  frequent  interchange 
of  correspondence.  It  was  when  I  was  working  up  the  paleontology  of 
Missouri  for  the  State  Geological'Survey.  Some  little  time  previously, 
io  going  over  the  literature  on  the  subject,  i  was  suddenly  confronted 
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by  a  great  mass  of  indifferent,  unilluBtrat«d  descriptions  of  fossils,  pub- 
lished by  Swallow  and  by  Swallow  and  Shumard.  The  descriptions  were 
often  so  vague  and  imperfect  that  I  had  been  more  than  once  tempted 
to  throw  the  whole  mess  away  and  not  recognize  any  of  the  species.  This 
was  already  the  action  of  others.  As  a  last  resort,  I  ventured  to  address 
a  letter  to  Columbia,  inquiring  of  Professor  Broadhead  if  he  could  give 
me  any  clue  to  the  whereabouts  of  the  old  Swallow  and  Shumard  collec- 
tions. In  his  reply  I  learned  with  unbounded  delight  that  the  types  and 
well  authenticated  specimens  were  deposited  in  the  university  museum, 
and  lie  had  recently  spent  nearly  two  years  in  arranging  and  preparing 
the  collections  for  public  display.  Further,  he  extended  a  most  cordial 
invitation  to  spend  a  week  with  him  in  going  over  the  materials  and  in 
visiting  and  collecting  in  the  original  localities,  many  of  which  were  not 
far  from  Columbia.  It  is  needless  to  say  that  I  lost  no  time  in  accepting 
the  invitation. 

Before  arriving  at  Columbia  I  had,  of  course,  fully  expected  to  put  up 
at  the  hotel.  So,  on  leaving  the  train,  without  looking  about  very  much, 
I  hastened  to  get  the  hotel  bus.  Just  before  reaching  that  conveyance 
my  grip  was  grabbe*!  by  a  stalwart  darky  and  my  arm  was  gripped  by  a 
strong  hand,  that  of  the  Professor  himself,  whom  I  was  totally  unpre- 
pared to  encounter  at  this  stage  of  my  visit.  As  we  Had  never  met  before. 
I  was  utterly  at  loss  to  understand  how,  with  such  unerring  instinct,  he 
managed  to  single  me  out  of  that  crowd  of  two  or  three  hundred  persons, 
I  had  none  of  the  usual  accoutrements  of  a  rock-cracker  showing.  I  had 
no  deformities  that  I  knew  of  by  which  I  might  be  quickly  recognized  or 
that  stamped  me  anything  more  than  a  drummer  or  ordinary  traveler. 

After  first  greetings  1  was  hurried  into  an  awaiting  carriage  and  was 
speeded  down  to  the  Broadhead  home,  where  I  was  informed  that  I  should 
be  expected  there  to  make  myself  at  home  during  my  stay  in  Columbia. 
Most  of  the  day  was  spent  in  going  over  the  collections  at  the  university 
in  a  preliminary  way.  That  evening,  after  dinner  and  after  making 
arrangements  for  the  next  day  for  an  early  6  o'clock  breakfast,  prepara- 
tory to  making  an  excursion  to  the  Missouri  River,  we  retired  to  the 
library.  Professor  Broadhead  was  at  his  best.  He  was  brimful  of  remi- 
niscences of  the  older  geologists  who  had  worked  in  the  Mississippi 
Valley,  of  their  petty  quarrels  over  priority,  of  the  pioneer  difficulties 
which  they  encountered  and  overcame.  His  fund  of  information  along 
these  lines  seemed  inexhaustible,  as  was  his  knowledge  of  the  rocks  of 
Missouri  and  the  neighboring  States.  All  tliis  was  a  veritable  honanzn 
for  me,  and  many  a  time  afterward  stood  mo  in  good  stead  when  deciding 
questions  in  stratigraphy. 
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Ou  my  part,  fresh  from  Johns  Hopkins  University,  with  the  soul  im- 
[ifrss  of  the  great  Wiiliams  still  on  me,  I  related  to  an  ever-increasing 
:ire  of  questions  the  characteristics  and  bearings  of  the  new  geology: 
The  rock  mosaic  revealed  by  the  microscope,  which  startles  us  with  new 
lwauties;'the  determination  of  minerals  at  a  glance  in  thin  slices  sub- 
jttted  to  microscopical  examination,  when  they  may  be  told  at  a  glance 
a$euily  as  horses  and  cattle  in  a  meadow;  and  the  then  novel  concep- 
lion  that  minerals  and  rocks  have  a  life  history  quite  analogous  to  that 
"f  animals,  the  former  distinction  between  which  must  now  be  set  aside, 
.ismed  to  fill  him  with  wonder,  of  which,  however,  his  acute  mind  was 
i|uick  to  grasp  the  philosophic  meaning.  It  was  a  field  which  he  had  never 
kffire  entered.  Conversation  lagged  not  on  leadened  wings.  In  the 
ar^ments  and  questions  which  followed  the  hours  vanished.  Time  flew 
111  M  lightly  that  the  first  interruption  in  the  flow  of  discussion  was  the 
'inlden  appearance  at  the  door  of  Mrs.  Broadhead  with  the  announce- 
nunt  that  breakfast  was  served.  Eosy-fingered  mom  already  stood  tiptoe 
•>a  the  misty  hilltops. 

iittr  early  repast,  with  hammer  in  hand  and  sandwich  in  pocket,  the 
■jI'I  man  of  seventy  and  the  young  man  of  thirty  went  rapidly  down  into 
:h«  deep  labyrinth  bounded  by  high  canyon  walla.  Sunset  found  them 
It  the  end  under  the  beetling  cliffs  of  the  Missouri  River,  with  bag  and 
pwket  bulging  with  50  pounds  of  treasure.  In  the  little  lodging-house 
St  uld  Eocheport  that  night  we  retired  early.  Although  I  bade  the  Pro- 
-■>^>T  "Goodnight,  sweet  Prince,  and  flights  of  angels  sing  thee  to  thy 
-•■^C  1  fully  expected  to  find  him  in  the  morning  so  stiff  and  foot-sore 
ud  tired  out  that  he  should  have  to  be  carried  home.  But  no ;  there 
tta.'  another  labyrinth  even  more  enticing  than  that  of  the  day  before. 
^')  »e  returned  to  Columbia  afoot,  garnering  plentifully  of  fossils  by  the 
^3\  and  arriving  just  in  time  for  a  fine  chicken  dinner  k  la  Southern. 

The  time  spent  on  the  Swallow  and  Shuraard  collections  was  fully 
-"'Jpied.  Copious  notes  on  identifications  and  comparisons  were  taken 
>:[hthe  main  theme  in  mind  of  later  making  complete  descriptions  and 
i'.ujtrations.  Before  this  could  be  accomplished  the  central  building  of 
i-i«  university,  which  contained  the  collections,  was  completely  destroyed 
'■}  fire.  I  know  of  no  other  notes  ever  being  taken  on  these  unique  col- 
■i^tions,  and  the  opportunity  satisfactorily  to  straighten  out  the  moot 
jowtions  concerning  the  original  unfigured  descriptions  was  lost  for  all 
time. 

The  diverse  character  and  wide  range  of  Professor  Broadhead's  efforts 
m  iKtlogy  are  best  indicated  by  the  titles  of  his  publications. 
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page  »1. 
Jura-Trias.    Kansas  City  Review,  volume  VI,  pages  534-640. 
Hlsaouri  minerals.     Engineering  and  Mining  Journal,   rolume  XXV, 

pages  276-277. 
Old  Granby  mines.  Newton  County,  Missouri.    Engineering  and  Mining 

Journal,  volume  XXV,  page  406. 
Geology  of  Bates  County.    History  of  Bates  County,  1883. 
Old  maps.    Kansas  City  Review,  volume  VII,  pages  ^58. 
Steatite  quarries  and  utensils-    Kansas  City  Review,  volume  VII,  i>ages 
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Note  on  Egyptian  atone  dresatng.     Kansaa  City  Review,  rolnme  Vtl. 

pages  431-432. 
1684.    Relations  of  soils  of  Missouri  to  geology.    Annual  Report  of  Uissouri 

State  University,  pages  72-78.    Columbia,  18S0. 
Relation  of  soils  of  Missouri  to  geology.     Seventeenth  Annnal  Report 

of  the  Missouri  State  Board  of  Agricnltwre,  pages  158-168.     Jeffer- 
son CTty,  1884. 
Flint  ohtpB.    Kansas  City  Review,  volume  VII,  pages  69&-602. 
Mines  of  Cartervllle,  Jasper  County.  Missouri.     Kansas  City  Review. 

volume  VIII,  pages  70-77. 
Gravel  bedH  of  suutbern  Kansas.     Kansas  City  Review,  volume  VIII, 

pnges  453-454. 
188'>.    Sketch  of  geologj-  of  Missouri.    Elghteentb  Annual  Report  of  the  Mln- 

Hourt  State  Board  of  Agriculture,  pages  2S0-25e.    Columbia,  ISai. 
1886.    CartfonlferouB  rocks  of  eastern  Kansas.    Trangartions  of  the  Academy 

Sciences,  Saint  Louis,  volume  IV,  pages  481-492. 
Missouri  geological  surveys:  Historical  memoir.     Transactions  of  the 

Academy  of  Sciences,  Saint  Louis,  volume  IV,  pages  555-508. 
ISSS.    Mitchell  County,  Texas.    American  Geologist,  volume  II,  pages  433-43G. 

Minneapolis,  1888. 

1889.  Geological  blstory  of  Ozark  uplift.     American  Geologist,  volume  III. 

pages  6-14. 
Missouri  River.    American  Geologist,  volume  IV,  pages  148-105. 

1890.  Missouri:  Its  mineral  resources.     Report  of  the  United  States  Com- 

missioner of  Statistics  for  1889.  pages  461-468.    Washington,  1890. 
Missouri  geological  formations.   MacFarlane's  American  Railway  Guide. 

second  edition,  pages  267-273. 
1S91.    Ozark  serlcH.    American  Geologist,  volume  VIII,  pages  33-35. 
1^.    Black  earth  of  steppes  of  Russia.     Bulletin  of  the  Geologli-al  Society 

of  .America,  volume  3,  pages  80-81.    Washingtjm,  1882.    Discussion. 

1893.  Correct  successtou  of  Ozark  series.     American  Geologist,  volume  XI, 

pages  260-288. 

Critical  notice  of  stratigraphy  of  Missouri  Paleozoic.  American  Geol- 
ogist, volume  XIl,  pages  74-89. 

Production  of  zinc  In  Missouri.  American  Geologist,  volume  XII.  page 
274. 

Cambrian  auil  Ozark  series.  American  Journal  of  Science  (3),  volume 
XLVI.  pages  57-60. 

1894.  Geological  history  of  Missouri  Paleozoic.     American  Geologist,  volume 

XIV.  iiages  38(1-388. 

1895.  Coal  Measures  of  Missouri.    Ml-vsourl  Geological  Survey,  volume  VIII, 

pages  353-396. 
Flography    of  Joseph    Granville    Norwood,    M.  D.,   I>L.  D.      American 
Geologist,  volume  XVI,  pages  69-74. 

1896.  Devonian  of  North  Missouri,  with  notice  of  new  fossil.    American  Jour- 

nal of  Science  (3).  volume  II.  pages  237-239. 
1898    Geology  of  Boone  County.  Missouri.    Missouri  Geological  Survey,  vol- 
ume XII.  pages  375-388. 
Osark  uplift  and  growth  of  Missouri  Paleozoic.     MKiouri  Geological 
Survey,  volume  XII.  pages  391-409. 
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Major  Frederic  Hawn:  Biographical  aketcb.    American  GeologlMt.  vol- 
ume XXI,  pages  2(17-269. 
1S99.     Biographical   Rketcti   of  G.   C.   Swallow.     Amerlcau   Geologist,   volume 

XXIV,  pages  1-6. 
190L    Aboriginal  anllqultlee.     Encyclopedia  History  of  Missouri,  volume  I, 
page  8. 
Geological  surveys  [of  Missouri].     Encyclopedia  History  of  Missouri, 

volume  III,  pages '27-31. 
Roads  and  trails.    Encj'clopedia  History  of  Missouri,  volume  V,  pag^s 

361-368. 
Mineralogy  [of  MisBouriJ.     Elncyclopedla  History  of  Missouri,  volume 
.  IV,  pages  390«t3. 
1802.    N«w  Madrid  earthquake.     Amerlcau   Geologist,  volume   XXX.  ijagen 
76-87. 
Obituary  notice  of  R.  A.  Blair.     American  Geologist,  volume  XXX, 
pages  398-399. 
llwa.    Abram  Litton,  H.  D.    Transactions  of  tbe  Academy  of  Sciences.  Snlut 
Louis,  volume  XXII,  pages  xxiv-xxrll. 
Bituminous  and  asptialt  rocks  of  United  States.     Amerlcfln  Geologist, 
volnme  XXXII,  pages  t(9-60. 
IMM.    Bitumen  and  oil  rocks.     American  Geolngiut.  volume  XXXtll,  pages 
27-35. 
I»es8.    American  Geologist,  volume  XXXIII,  pages  39.'^3&t. 
Surface  d^wsits  of  western  Missouri  and  Kansas.    American  Geologist, 

volume  XXXIV,  pagen  66-67. 
Saccharoldal  sandstone.     American  Geologist,  volume  XXXIV,  pages 
105-110. 
IfMn.    Cone-In-cone.    Science,  new  t>erles,  volnme  XXVI,  page  S97. 
IW9.    Fossil  Qelds  of  Wyoming.     Pamphlet  of  Passenger  Department,  UnioD 

PaciSc  Railroad.  61  pages.    Omaha,  1900. 
1910.     rinnacles.     Missouri  Historical  Review,  volnme  IV.  pages  202-203. 

Missouri  weather  In  early  days,     Missouri  Historical  Review,  volume 
IV.  page  320. 

MEMORIAL   OF   CHARLES    BOCHESTER   EASTM.W  ' 
BY  BASH  FOOD  DEAN 

Charlee  Rochester  Eastman,  long-time  member  of  the  Geological  So- 
ciety and  active  in  its  counsels,  died  at  Long  Beach,  New  York,  Septem- 
ber 27,  1918.  At  the  outbreak  of  the  war  he  entered  the  service  of  tlie 
United  States;  he  waB  given  a  peculiarly  exacting  task  and  he  over- 
exerted himself.  It  came  abont  that  he  contracted  influenza  and,  leaving 
his  poet  in  Washington,  he  retired  for  a  brief  rest  by  the  sea.  It  appears 
that  on  the  night  of  hie  death  he  left  the  hotel  after  dinner,  took  a  walk 
on  the  boardwalk,  and  fell  through  a  broken  portion  of  the  pier  into  the 
mrf.    Stunned  by  the  fall,  he  was  drawn  int»  deeper  water  and  drowned, 

>A  flBll&r  notice,  but  leu  extrndrd.  appesred  In  Science.  Februarj'  T.  1919. 
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Doctor  EaHtman  is  one  of  the  few  zoologists  on  thia  side  of  the  Atlantic 
who  devoted  their  lives  to  the  atudyof  ancient  fishes,  which,  for  the  rest, 
concerns  not  a  f(i|r  of  the  greatest  problems  of  the  vertebrates;  and  hia 
services  to  this  field  will  cause  his  name  to  be  associated  with  those  of 
Agasaiz  the  elder.  Cope,  Newberry,  and  Leidy.  His  publications  dealing 
with  paleit'hthyology  include  over  a  hundred  memoirs,  some  of  which 
rank  among  the  most  scholarly  and  accurate  in  their  field. 

Doctor  Eastman  was  honi  at  Cedar  Rapids,  Iowa,  on  June  3,  18f>8,  son 
of  Austin  Vitruvius  Eastman  and  Mary  Scoville.  He  graduated  from 
Harvard  in  1891,  studied  at  Johns  Hopkins,  thereafter  in  the  University 
of  Munich,  where  he  took  his  doctorate  in  1894;  he  worked  with  Prof. 
Karl  von  Zittcl,  whose  laboratory  then  attracted  a  number  of  young 
American  paleontologists.  Here,  as  Eastman's  interests  already  centered 
in  fossil  fishes,  he  was  given  the  only  material  for  research  which  the  Ger- 
man university  had  at  hand — a  mass  of  detached  teeth  of  a  chalk  measure 
shark — not  attractive  material,  to  say  the  least;  but  the  young  investi- 
gator attacked  it  with  energy  and  soon  gathered  the  data  for  a  successful 
thesis.  He  was  next  given  a  post  at  Harvard,  where,  in  the  Museum  of 
Comi>arative  Zoology,  under  the  mantle  of  Louis  Agassiz,  he  reviewed  the 
collections  of  early  fishes  and  found  much  material  for  publication.  He 
soon  became  interested  in  the  Devonian  fossils  of  the  Agassiz  collection, 
whicli  he  found  shed  light  on  the  rich  finds  from  the  Middle  West,  then 
being  described  by  Doctor  Newberry.  Eastman's  imagination  was  espe- 
cially touched  by  the  range  and  character  of  "placodeims"  as  the  domi- 
nant group  of  Devonian  times,  and,  like  many  another  worker,  he  set 
himself  to  solve  the  puzzles  of  their  lines  of  evolution  and  of  their  kin- 
ship to  modem  fishes.  Hence  he  sought  actively  for  more  extensive  and 
better  preserved  material  on  which  to  base  his  findings.  The  best  collect- 
ing ground  for  these  American  forms  was  in  Ohio,  and  throughout  this 
region  Eastman  soon  learned  to  know  the  fossil  hunters  and  their  collec- 
tions. Hia  studies  on  these  forms  soon  spread  over  wider  fields  and  be- 
came well-nigh  encyclopsedic ;  he  had  the  entire  Devonian  fish  fauna  at 
his  finger-tips,  literally ;  and  if  Eastman  were  sought  for  at  this  time,  he 
would  have  been  found  at  the  top  of  the  Agassiz  Museum,  in  the  center 
of  a  labyrinth  made  up  of  tiers  of  great  trays  of  fos.tils,  and  the  visitor  ' 
would  come  away  with  the  impression  that  there  was  something  almost 
uncanny  in  the  skill  with  which  Eastman  could  call  up  out  of  the  mud- 
colored  shales  these  primeval  creatures,  for  their  membra  disjuncta  would 
rimie  together  so  distinctly  that  one  could  almost  picture  the  fish  coming 
to  life  in  its  trav! 
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From  the  study  of  placodermB,  Eaatman's  studies  extended  naturally 
lo  the  cont«mporary  lung-fishes  and  ganoids,  and  to  our  knowledge  of 
these  early  forms  he  made  numerous  contributions,  Xow  and  a»ain  he 
would  hark  back  to  the  group  of  sharks,  trying  ever  to  bring  order  into 
this  primitive  and  difiicult  group.  Port  Jackson  sharks,  with  their  curi- 
ously modiiied  dentition,  which  enabled  them  to  crush  the  shells  of  ahell- 
fi.ih,  suggested  new  lines  of  evolutional  changes,  and  his  work  on  these 
fonns  from  Illinois,  Iowa,  Missouri,  Kansas,  and  Nebraska  showed  new 
seqaences  and  enabled  him  to  fill  out  the  gaps  in  their  history.  Certain 
of  these  early  sharks  became  so  similar  to  lung-fishes  in  their  dentition 
thst  on  this  evidence  alone  the  two  great  groups  of  fishes  might  readily 
hive  been  merged. 

During  the  last  decade  of  his  work  Eastman's  attention  was  drawn 
more  closely  to  types  of  modem  flslies.  This  was  perhaps  due  to  the  fact 
that  he  had  been  able  to  bring  to  this  country  the  famous  collection  of 
i  Belgian  paleontologist,  de  Bayet,  and  install  it  in  the  Carnegie  Mu=euni 
»1  Pittsburgh.  On  the  fishes  of  this  collection,  especially  those  from 
northern  Italy  {Monte  Bolca),  he  published  a  number  of  beautiful  me- 

In  matters  relating  to  the  phylogeny  of  fishes,  Eastman  was  couKcrva- 
tive.  Thus,  following  Smith  Woodward,  he  maintained  that  the  group 
uf  placoderms  which  the  latter  defined  as  Arthrodira  was  definitely  re- 
lated to  primitive  lung-fishea.  He  had  little  sympathy  with  those  who 
Wieved  that  they  had  solved  the  riddle  of  Tremataspis  and  Bothriolepis 
by  associating  them  with  arthropods.  As  a  systematist,  Eastman  was 
tboTongh,  and  the  forms  which  he  described  will  rarely  need  revision. 

-Vo  one  can  recall  Doctor  Eastman  without  bringing  to  mind  his  keen 
appreciation  of  ancient  literature.  He  read  the  classical  texts  fluently, 
and  .\ristotle  and  Pliny  had  to  him  the  interest  of  modem  authors.  Pcr- 
bsps  he  knew  them  and  their  kind  better  than  did  any  living  paleontolo- 
gist. For  bibliographical  work,  Eastman  had  ever  a  distinct  leaning,  for 
to  k'Dow  what  others  had  done  in  a  definite  field  was  only  an  honest  he- 
ginning  of  any  research.  It  was  this  interest  which  led  him  to  accept  the 
invitation  of  the  America  Museum  of  Natural  History  to  undertake  the 
editorship  of  a  Bibliography  of  Fishes  which  the  Museum  was  engaged 
in  publishing,  and  it  was  under  his  supervision  that  the  first  two  volumes 
of  this  work  appeared — ever  to  lighten  the  labors  of  workers  in  this  field. 

One  may  record,  finally,  the  posts  held  by  Doctor  Eastman :  Instructor 
in  Paleontology-  and  Historical  Geology  at  Harvard,  1894-95,  and  at 
Radclifle  College,  1895-97.  Curator  in  charge  of  Vertebrate  Paleou- 
toUigrat  Har\ard  Museum,  1895-1910. 
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1910-14,  Professor  of  Paleontology  at  UniverBity  of  Pittsburgh  and 
Curator  at  Carnegie  Museum,  conducting  investigation  as  Research  Abso- 
ciate  of  Natural  History. 

1!I14,  United  States  National  Museum,  Washington.  Assistant  Oeol- 
ogiat,  New  England  Division,  United  States  Geological  Survey;  also 
special  work  connected  with  the  geological  surveys  of  Iowa,  New  York, 
Maryland,  Connecticut,  and  New  Jersey. 

Doctor  Eastman  married,  June  27,  1892,  Caroline  Amelia  Clark, 
daughter  of  Alvan  Clark,  the  well  known  maker  of  telescopes.  His  K>n, 
Alvan  Clark  Eaatman,  was  borq  March  10,  1894. 


BtBLIOCOAPHT 

A  list  of  Doctor  Eastman's  publications  on  the  subject  of  fishes  is 
given  herewith.  (See  Dean  and  Eastman's  "Bibliography  of  Fishea.") 
References  to  his  other  writings  occur  in  the  Annual  Beport  of  the  Mu- 
seum of  Comparative  Zoology,  Harvard  College,  1895-1909;  Johns  Hop- 
kins University  Circular,  1913,  number  10,  pages  36-38. 

Mrs.  H.  J.  Volker  has  recently  reviewed  the  papers  of  Doctor  Eastman, 
and  summarizes  his  systematic  contributions  as  follows: 


.VcM-  families: 

Astraaptdic 

Perlprlstldfe 

PbolldopliorldK 
.Vctr  genera: 

BelemuacantbuB 

Campy  loprlon 

DlDomyloBtoma 

Kobothus 

Kolabroldes 

GHlllnnlotdes 

Gillldia 

H  IstlonotophoniB 

I'alwophlchthyB 

I'll  ra  fund  ulua 

Parathrissopa 

Pbly  ctfenaca  Dtbus 

Protitantcbtbya 

Syntbetodns 

Tniulobatls 
Xrir  uprcicg: 

AcaiithodeH  beecherl:  marshl 

.\iiieiarus  primeviis 

Amlopsla  (?)  dartonl 

.\nKullta  hrnncblosteKalls 


prototypus ; 


AMterotepia  clarkel 
Astlienocormus  retrodorsalis 

BelenjDBcautbus  glgaoteus 
BlocbluH  uioorbeadi 
Bothrlolepts  coloradensfs 

Campy loprlou  annectans 
Caranx  primipvus 
Carohurias  tvllata ;  Incldeiia 
CoHtracioii  zittell 
Cliaiioideii  tcptootea 
Cladnlus     aculeata ; 

urlis-lmlovlcl 
Ctrlarantliiis  exluuuH ;  welterl 
C<pliiEaster  analis 
r'nichodus  variabilis 
Ctcnacaiillins  aciitun;  decussatus; 

lonftlnodosus :  lucasl :  solldus ;  ve- 


Dlcrenodus  texnnus 

Dfniobthys  dolicbocpphalua:  llvoal- 

c  u  s ;      pelmeiiKls ;      pustulosus  ; 

trautBcholdi 
DIploduN  prlscus;  sirtatu!<  . 


)vGoo<^lc 


BIBLIOORAPHV  OF  C.  R,  EASTMAN 


J>i[)loluyMtUB  goodl 
IHpterua    ralvlai ;    coatntna ;    dlgl- 
tatus;   mordax;  pectinatus;  ud- 

Klonicbttifs  difijuuctns ;  perpenna- 

Eomxnis     formosslmus :     loterapl- 

nalU 
EriKmacantbiiB  barbatiu;  formosuB 

FittMHlUM  (IpDtatus 

fialeoceiilo  triqneter 
<ilFPtnsptB  abbrevlata 
Gyracanthnn  prlmievus 

HnrpacaDtbua  procumbeiiH 
Helodua  comptus;  Incisus 
HlxtioDOtns  recllnla 
HomacanthuA    adnaclformis ;    de- 

llcatulua 
HotiHiralepia  Buborbtculata 

JanaBtia  maxima ;  ungnlcula 

Lepldotus  ovBtuB ;  walcottl 

Macbi^racantbas  longs vus 
^lacrostiiuluB  dorsalis 
MeDe  novie-hlspaniip 
MjllohatlR  frangenH 
Mylontoma  newberryl 

Xotagogus  de«>ratus:  mlDutns:  or- 


PalieopbichtbyB  parvutua 
Parafuiidalua  nevadeiisls 
Parathrlasops  farcatus 
Pblyctipnacautbus  tellerl 
Pbwbodiis    deiiH-neptanl :    Inilfhti- 

Pbolldophorus  amerlcanus 
Pbyllodus  blpparlonys 
PbysonemuB   hamns-plBcat  o  r  1  u  B : 

IMindatuR 
Platlnx  IntermedlUH 
Polyrhizodua  graudis 
Prlmmcarn  dartoiil 
Propterus  conldeiis 
Protllaniclitlys  foMBatus 
Ptyctodua  compresaas;  feros;  pan- 
der!:  predator;  puuctatus 
I'ygB'oti  ngaSBlail 

RhadlnlcbthfB  deant 
Rbynchodtu      major ;      pertenuis ; 
rostra t  UK 

SagenodUH  crlstatus:  pertenuls 
SauroptilB  curtuB ;  depressuH 
Squatlna  miDor;  occldentallK 
StctbacanthuB  erect  us 
Streblodus  angustus 
Syiiecbodus  clarkll 
Synthetodus  caMiil 

Tamiobatls  vetaBtuB 

I'lidlDa  graDdlK 
1'roNphen  attfiinalii 

Beiti^ge  iur  Kenntniss  der  Gattung  Oiyrblna.  mlt  l>esc>ndfrer  B^rUck- 

slrhtia^nK  von  Orjirhina  manteUi  AKasBlz.     Pnleoiiti^raphj'.  ISM. 

volume  41,  pages  14J)-191.  2  plateB. 
(Trannlator.)     History  of  Instruction  In  fceolc^y  and  [>nl(<oiitoloKy  In 

nennan  unlverslttes.  by  Karl  A,  von  Zittet.     American  (>eologl8t, 

1S94.  volume  14,  paRes  170-185. 
Observations  on  the  dorsal  shields  In  tbe  dInlchthyldH.    American  Geol- 

ogiBt.  1896,  volume  18.  pages  222-223. 
Preliminary  note  on  tbe  relations  of  certain  bodj-plalps  In  tbe  dlnicb- 

tbjida.    American  Joamal  of  Science.  IRWt,  fourtb  Bevies,  volume  2. 

patces  46-QO. 
Remarks  on  Pctalodtu  alleghanienHit  r^eldy.    Jouninl  of  Geology.  1896. 

volume  4,  pages  174-176. 
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[Review  of.]  On  the  vertebral  column,  flne,  and  central  armoring  of 
Dinlchtbjs.  by  Baabford  Dean.  American  GeologlBt.  1896,  volnme  18, 
pages  316-317. 

(Review  of.]  Unter-TprtlHre  Selachler  aus  SUdruBsland,  von  Dr.  Otto 
Japkpl.    American  GeologlBt.  1S96.  volume  IT.  pages  245-247. 

Daniel  Denlsoii  Slade,  [Memorial  notice,  with  list  of  wtittngfi.]  New 
England  Historical  General  Register,  1897,  volume  51,  pages  1-14. 

On  CtenacanthuH  spines  from  tbe  Keokulc  limestone  of  Iowa.  Amer- 
ican JooFDal  of  Science,  1897.  fourtb  series,  volnme  3.  pages  10-12, 
2'  figures. 

On  tbe  cbaracters  of  Macropetallchth^s.  American  Naturalist.  1S97. 
volnme  31,  pages  493-409.  plate  and  figure. 

On  tbe  occurrence  of  fossil  fishes  In  the  I>evoniaii  of  Iowa.     Seventh 


On  the  relations  of  certain  plates  In  tbe  dinlchtbylds,  with  descriptions 
of  new  species.  BuHetlu  of  tbe  Museum  of  Comparative  Zoology  of 
Har\ard  College,  1897,  volnme  .11,  pages  19-41,  5  plates. 

TamiobnfU  Vftustiig,  a  new  form  of  fossil  skate.  American  Journal  of 
Science.  1807,  fourth  series,  volume  4,  pages  S5-90,  plate  and  figure. 

AgasBlB'H  work  on  fosnU  flshes.  American  Naturalist,  1898,  volume  32, 
pages  170-185. 

Dentition  of  Devonian  Ptyetodoutida".  American  Naturalist,  1898,  vol- 
ume 32.  pages  473-488;  .545-560,  50  figures. 

Some  new  points  In  dinlchthyid  osteology.  Proceedings  of  tbe  Amer- 
ican Association  for  tbe  Advancement  of  Science,  1898,  volume  47, 
pages  371-372.  American  Naturalist,  1898,  volume  32,  pages  747-768. 
6  figures.    Science,  new  series,  volume  8,  pages  400-401. 

Descriptions  of  new  species  of  Dlplodus  teeth  from  tbe  Devonian  of 
nortbeastem  Illinota.  Journal  of  Geology,  1809,  volume  7.  pages  489- 
493,  plate. 

Notes  on  fossil  fishes  found  In  the  Devonian  at  Milwaukee,  Wisconsin, 
Journal  of  Geologj-.  1899,  volume  7,  pages  278,  28:^. 

Report  on  the  department  of  vertebrate  paleontology.  [Records  the 
discovery  of  Dinichlhi/g  pu»tulo»u».'\  Annual  Report  of  the  Museum 
of  Comparative  Zoology  of  Harvard  College,  1898-99  (1899).  pages* 
15-16. 

Some  new  American  fossil  fishes.  Science.  1809.  new  series,  volume  9. 
page?<  «24-644. 

Upi>er  Devonian  fisti-fauna  of  rielaware  County.  New  York.     Seven- 
teenth Annual  Report  of  the  New  York  State  Oeol<¥l8t.  1899.  pages* 
318-327.     Fifty-first  Annual  RejMrt  of  the  New  York  State  Museum 
lain,  volume  2,  pages  318-327. 

Dentition  of  some  Devonian  flshe.x.  Journal  of  Geology.  1900.  volume  8, 
pages  32-41,  7  figures. 

Fo-ssll  lepidostelds  from  the  Green  River  shales  of  Wyoming.  Bulletin 
of  the  Museum  of  Comparative  Zoology  of  Harvard  College.  1900. 
volume  .16.  pages  67-75,  2  plates. 
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JttraKsU'  n»li«s  from  Black  Hlllit  of  South  Dakota.    Bulletin  of  tlie  fitsv 

loKlcal  Soelety  of  America.  18»ft  (lilOO),  volume  10,  paww  aiV7-tOS, 

4  iilHtPK  and  2  flKuri^ 
KaniinHky'H  txiinit  H«>ltco|)rinii.    Amprlran  Nalnrallfl.  ItKio.  volume  34. 

IHiKpH  .'tTf^-riSS.  fljcure. 
New  rotwll  lilril  anil  Huh  remaliix  from  the  MlilUle  Ko<«ne  of  Wjouiluii. 

(ieoloicleal  Matcaslne,   IWIO,   fourth  iterade,  volume  7.   pa^eK  ^A-TiS, 

Itevonlan  flsb-rematuM  froni  tbe  Effel  dUtrlet.  IComment  on  article  hy 
Baron  F.  vou  Huene.]     American  Geoloftlst.  inoo,  volume  25.  pafcea 

jRevlew  of.]  Tlie  Devonian  "lampre.v."  I'aiinMpondfftHg  gnnni  Tra- 
qualr.  by  Baxhrnitl  Dean.  Journal  of  <JeoloR>'.  WO(i,  volume  «.  jiHKea 
280-2Sft. 

KInlee  neue  Xotlzeu  liber  devonlnche  Fischrente  ana  der  Klfel.  <'en- 
tralbl.  Mineral..  HlOa  (11)01).  pages  ITT-ITR 

SyKtematlr  paleontology  of  tbe  Eooene  <Ie|M>t<ltH  of  Maryland.  [IliieeR.] 
Maryland  neol<«loal  Run-ey.  11)01.  pafcefi  OR-IIR.  4  platen. 

On  C'iimt>odut>.  K<l<'HtaR.  Hell<K>prIon,  A<«nthodeH.  antl  other  I'ermo- 
Carlranlferous  Khurkn.  Alwtraot  In  Rclenee,  1901,  new  series,  volume 
14.  imitp  71(5.    Scientific  Amerlcau  8upi>lemeut.  volume  -'>2.  page  21."i0(i. 

[Review  of.]  I'nIeoTitnloKfcal  notes,  by  Bashford  Deaii.  Anierlcait 
Naturalist,  l!Mi|.  volume  :tr>,  paices  41T-I20. 

[Review  of.]  Tra<|ualr'n  Bradford  prexldentlal  addrewi,  IfWO.  Amer- 
ican Naturalist,  lOOl.  volume  :W,  pnKes  ri27-3.T0. 

The  CarlioniferouH  flsti-fatina  of  MaiMiu  Oreek,  Illlnoln.  Journal  of 
CeoloRj-.  11X12.  volume  10.  paftes  ri.S.V541.  4  flgureK. 

Notice  of  Interesting  new  forms  of  Carbonlferouit  fish- remains.  Amer- 
lean  Naturalist.  1!m»2.  volume  .10.  pafces  84ft->Ci4.  2  fimires. 

On  Campylo|irton.  a  new  form  of  Rdestun-Ilke  dentition.  <ieuloRical 
Magazine.  1!)02,  fourth  decade,  volume  I),  pages  148-152.  plate  and  3 

On  the  genus  I'erlprlstlH  Sutut  John,    tieologlcai  Magazine.  11M>2.  fourth 

decade,  volume  a  pages  388-301.  2  figures. 
(Review  of.)     The  structure  and  claaaiBcation  of  the  Trematasptdie.  by 

William  Patten.    American  Naturalist.  1002.  volume  3i>,  iiages  TitO- 

507. 
Phjlogeny  of  the  c-estraclout  group  of  sharks.    Alistract  In  Science,  lf>02, 

new  series,  volume  10,  page  207. 
Some  Cartmnlferons  eestracloiit  and  acanthodian  sharks.     Bulletin  of 

the  Museum  of  Comimrattve  Zoology  of  Harvard  College,  1002.  vol- 
ume :«),  pages  r>ri-t»0.  7  plates  and  14  figures. 
Some  liltherto  unpublished  obsprvatlona  of  Orestes  Saint  John  on  I'aleo- 

Eolc  Hsbes.     .\nierlcan  Naturalist.  1002,  volume  .30.  gmges  iriri-tm,  4 

Synopsis  of  the  Missourlan  and  rermo-CarlM>nireroUH  flab-fauna  of  Kan- 
sas and  Nebraska.  Alistrnct  In  Science.  IDOL',  new  iterles.  volume  10. 
pagea  2flO-2<r7. 

Ill — BCLU  Qmol.  8or.  Am.,  Vol.  30,  \ti\h 
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(Editor.)  Text-book  of  paleontology,  bf  Karl  A.  Ton  Zlttel.  Volume  II. 
[Vertebrates  eicliwlve  ot  mammale.]  London,  1902,  Tolume  VIII. 
283  pages,  Illustrated. 

CarbonUerous  fishes  from  the  Central  Western  States.  Bnlletln  of  tbe 
Museum  of  Comparative  Zoology  of  Harvard  College,  1903,  volume 
30,  pages  163-226,  5  plates  aud  17  figures. 

IDIscusslon  of  views  <«ticenilng  alleged  appendages  of  Tremataapls-l 
American  Naturalist,  1903,  volume  37,  pages  573-5T7.  2  figures. 

Devonian  fisb-fauna  of  Iowa.  Abstract  in  Balletln  of  the  Geological 
Society  of  America,  1903,  volume  13,  page  5R7. 

On  ttae  nature  of  Edestus  and  related  forms  [with  bibliography].  (In 
Mark  anniversary  volume.  New  York.  1903,  pages  2T9-289,  plate.) 

A  [tecutlar  modification  among  Pennlan  dlpnoans  [Sagenodus].  Amer- 
ican Naturalist,  1003,  volume  37,  pages  493-405,  2  figures. 

Sbarkfl'  teeth  and  cetacean  bones  from  the  Red  Clay  of  the  tropical 
Pacific.  (In  reports  on  tbe  scientific  results  of  the  expedition  to  the 
tropical  I'aclfic.  In  charge  of  Aleicander  Agasslz,  In  the  United  States 
Fish  Commission  steamer  AlbnfroM.  from  August,  1890,  to  March. 
1000,  numl)er  5.)  Memoir  of  tbe  Museum  of  Comparative  Zoology 
of  Harvard  College,  1903.  volume  26,  pages  179-191.  3  plates  and  5 
figures. 

Asterolepid  appendages.  American  Journal  of  Sdeuce.  IfKM.  fourth 
series,  volume  18,  pages  141-144. 

Descriptions  of  Bolca  fishes.  Bulletin  of  the  Museum  of  Comparative 
Zoology  of  Harvard  College.  1004.  volume  46,  pages  ]-3(i,  2  plates  and 
i  figures. 

The  esrilest  mention  of  fossil  llnlies.  Silence.  liKU,  new  series,  volume 
20.  pages  618-649. 

Further  light  on  the  TremataHpidn>.  [Discussion  of  views  of  William 
Patten  ]    Science  1004  new  series,  volume  10,  page  307. 

■Tordan  on  fossil  labrold  and  cbjptodont  fishes.  Science.  1004,  new  series, 
volume  20   pagei  24T  24u 

Juraxslc  fishes  from  SpsTiUb  lithographic  limestone.  Review  of  con- 
tribution hi  H  r  Saumgi',  entitled  "Notlcls  sobre  los  peces  de  la 
rallM  lltogrfldca  de  la  Provlncla  de  I,«>rlda."  Science,  1004,  new 
series   volume  10   page  "107. 

Marginal  and  ridge  scale-i  In  a'phalaspls  and  Drepanaspls.  Science, 
ItM   new  Bcrlei   volume  19.  pttgon  703-704. 

On  the  dentition  of  Rhjnobodus  and  other  fossil  fishes.  American  Nat- 
uralist. 1!«M,  volume  38,  pagcK  205-209.  2  figures. 

On  Upper  Devonian  fish-remains  from  Colorado.  American  Journal  of 
Science,  19(M,  fourth  series,  volume  IS.  pages  2ri3-2riO,  6  figures. 

Paleontology.  Waltlier's  Solenhofcn  fnuno.  Kart  Alfred  von  Zlttel: 
ein  Nnchruf  [von  J.  F.  Pompecky].  American  Naturalist,  1904.  vol- 
ume 38,  pages  677-678. 

Tertlnr>-  elasmohronchs  from  southern  Italy.  [Review  of  paper  by 
Maria  Pasquale.]     Science.  ]9(H.  new  series,  volume  19,  page  396. 

Systematic  paleontology  of  the  Miocene  deposits  of  Maryland.  [Pisces.] 
Maryland  Geological  Survey.  1904.  pages  71-93.  27  plates. 

Varlie  auctorltatls.    Science,  1904,  new  series,  volume  20,  pages  215-217. 
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1005.    An^ieoloftlcal  notes;  Icbthyologlcal  Dnme«.     Science,  190B,  new  Beriea. 
rolnme  22,  page  23. 

A  brief  general  account  ot  foaall  BsheB.  Report  of  the  Geological  Sur- 
rey or  New  Jersey,  1904  (1905),  pages  27-B6. 

The  literature  of  Edeatus.  American  Naturatlnt,  1005,  volnme  3fl,  pages 
405-409. 

Notes  on  the  bl.itory  of  ontural  science :  Oppian  on  fishing.  Subterra- 
nean flshea.  Roman  tchthyologj-.  Science.  1905.  new  series,  volume 
21,  pages  516417. 

Peter  Artedt    Science,  1905.  new  series,  volume  22.  jmges  378-37!!. 

The  Trlasslr  flnhes  of  New  Jersey.  Report  of  the  Geological  Survey  of 
New  Jersey.  1904  (1905),  pagpa  07-102,  plates, 

I*«  types  de  polssons  foRslles  du  Monte  Boica  au  Mns^m  d'HlstoIre 
Naturelle  de  Paris.    M^m.  Soc.  OM..  Paris.  1(W>,  volnme  13,  number 
M,  pages  1-33.  ^  plates  and  figure. 
ims.    Dlpnoan  afDnltles  of  arlbrodlres.    American  Journal  of  Science,  1906. 
fourth  series,  volume  21,  pages  131-143,  4  figures. 

Note«  on  the  history  of  natural  science.  HIppocratpan  flshes.  Science. 
IflOfi.  new  series,  volume  23.  pastes  11*4-195. 

Sharks'  teeth  and  cetacean  bones.  (In  reporis  on  the  scientiflc  results 
of  the  expeditlqn  to  the  eastern  tropical  Paciflc,  In  charge  of  Alex- 
ander Agnnsix.  by  the  ITnited  States  Fish  (Commission  steamer  AU>a- 
trot*,  from  October,  1904,  to  March,  1905.)  Bulletin  of  the  Museum 
of  Comparative  Zoology  of  Harvard  College,  1006,  volume  50,  pages 
73-96,  4  plates. 

Structure  and  relations  of  Mylostoma.     Fulletln  of  the  Museum  of 

Comparntlve  Zoology  of  Harvard  College,  1906,  volume  50.  pages  1- 

30.  5  plates  and  8  figures. 

Lim.    Devonlo  fishes  of  the  New  York  formations.    Memoir  of  the  New  York 

State  Museum,  1907,  volnme  10,  pages  1-2.15,  15  plates  and  35  figures. 

Uyloetomld  dentition.  Bulletin  of  tlie  Museum  of  Comparative  Zoology 
of  Harvard  College.  1907.  volume  60,  pages  209-228,  plate  and  4  flg- 

lOfR    Dev<Hilan  fishes  of  Iowa.    Rlgbteenth  Annual  Report  of  the  Iowa  Geo- 
logical Survey,  1907  (1908),  pages  29-.386,  Id  plates  and  41  figures. 

Notice  of  a  new  crelacantb  fish  from  the  Iowa  Klnrterhook.    Journal  of 
Geology.  1908,  pages  357-362. 
'*».    Jean  Albert  Gandrj-.    Sdenee,  IflOfi,  new  series,  volume  29.  pages  138- 
140. 

Uylostorald  dental  plates.  Science.  1909,  new  series,  volume  29,  pages 
•vn-am. 

MylOKtomld  palatal  dental  plates.  Bulletin  of  the  Museum  of  Com- 
parative Zoology  of  Harvard  Collie,  1909.  volume  .W,  pages  2Rl-2flO. 
3  figures. 

A  new  species  of  Helodns.    Annals  of  the  Carnegie  Musenm,  1909,  vol- 
ume 5,  pages  488-489. 
1M1.    Catalogue  of  fossil  flsties  In  the  Carnegie  Museum.     Part  I,     Fishes 
from  the  tipper  Eocene  of  monte  Bolca.     Memoir  of  the  Carnegie 
Musenm,  1911.  volume  4.  pages  349-441,  11  plates  and  5  figures. 
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JurasHlc  saurian  lemaiiui  Inge^tMl  within  flsh.  Annals  of  the  Cameirie 
Museum,  1111],  volume  a  pages  182-187,  2  plates. 

New  elaamoliranohH  from  Solenhofen  tn  the  Cflniegte  UuHeum.  Amer- 
ican Juumal  of  Seleuce.  1911,  fourth  series,  volume  31.  pageK  :W!M04, 
3  platen. 

Paleoutology.  flBhes,  IReconl  of  progress  durlug  the  year.]  Amer- 
ican Year  Book.  11)10  (1!»11). 

Triasslc  flaheB  of  Connwilcut.     Couuectlcul  State  Oeologi<»l  Natural 
History  Survey,  1!)11.  Bulletin  number  18,  pages  1-77,  11  plates  nn<l 
8  fltcures. 
1&12.    MeMizolc  and  Cenoaole  flwhes.    [Summary  of  recent  literature.)     Bulle- 
tin of  the  (ieiiloglcal  Society  of  America.  11H2.  volume  Zi,  pa)»-s  22S- 

Tertiary  fbtli-remalns  from  Spanish  Uulnea  In  west  Africa.     Annals  of 

the  Camefcie  Museum.  1f>12.  volume  8.  paged  :t70-378.  2  plateti. 
11)14.    Notes  ou  Triasslc  flshe.s  betongluf:  to  the  familiett  Catupterldie  ami 

S^mlonotidn-.    .\nnals  of  the  Carnegie  Museum,  1fll4.  volume  U.  ))ages 

131>-U8.  2  plates. 
li)15.     Columbu«i  on  the  Eemora.    Oojiela,  Iftlii.  numlier  lEi.  jHiges  11'12. 

Dlliterus  remains  from  the  Fp|)er  rievonian  of  Colorado.    Annals  of  the 

Carnegie  Miwcnm.  lOlo.  voluuie  !>.  iiages  371^2^.  figurcH. 
Early  figures  of  the  Kemora.    Nature,  1!)15.  volume  i<5.  iiages  .t44-.'M.~i. 

figureM. 
Olden-tlme  knowledge  of  Hljipocampus.    Smithsonian  Ileport,  1i)l-'>. 

The  following  additional  titles  indicate  his  wide  raiij;e  of  interest. 
Tliey  do  not,  however,  include  his  publications  in  the  field  of  genealojrv: 

18i>8.    On  remains  of  t^ti-uthlolilhui  <-hiTmin<-niH»  of  northern  China.    Bulletin 
of  the  Museum  of  Comparative  Zo()logj'. 
Discovery  of  fossil  eieic  of  KtruthlollthuM,    <ieolo(dcal  Magazine,  October. 
18»8. 
1800.     I'lastlllne.  a  new  niiidellng  comiiound.    Science,  F'eliruary,  181t!>, 
1004.     Recent  zooi>aleontology.     Alwtract.     Science,  volume  10. 
Geo-blologlcal  tei'ms.    Science,  volume  20.  page  r.l. 
FoHsil  plumage.     American  Naturalist. 
Second  century  critli-lsm  of  Vergirs  Etna.     Sclentv. 
I!K1.'>.     Anaxlmander,  earliest  pr"(-urfior  of  Darwin.     Popular  Science.  Dei-em- 
her.  1005. 
Creek  Ideas  of  vulcanlsm.    I'opular  Scienc-e.  0<'tol)er.  lOfKl. 
ino«.     A'esuvluN  in  the  early  middle  ages.     Popular  Science.  I>ecemher,  lOOii. 

1007.  I]luj<trattons  of  medieval  earth  science.    I'opular  Sclenci>.  July.  10i>7. 

1008.  Pates  of  early  Santoren  and  Ischlan  eruptions.    Science.  May.  1008. 
Review  of  J.  M.  Clarke's  early  devonie  history  iif  New  York  and  East- 
em  North  America.    American  Journal  of  SHence.  July.  11X18. 

lOni),     Recent  literature  on  ancient  animal  names  and  emgips.    Auierfcnn  Jour- 
nal of  Philosophy.  October,  11X10. 
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MEMORIAL  OF  J.   D.   IRVI! 


MEMORrAL  OF   JOHS    IJIER    IRVIXO 


Amid  the  widespread  feelings  of  relief,  albeit  a  bit  apprehensive,  with 
wliirh  the  cessation  of  hostilities  has  been  receivetl,  we  turn  aside  to  re- 
niemU'r  one  wlio  made,  while  vet  the  war  went  on,  the  suprerae  sacrifice 
ill  the  service  of  his  country.  Just  before  the  first  of  August  the  cable 
lirought  the  news  that  John  Duer  Irving,  Captain  in  the  Eleventh  Regi- 
ment of  United  States  Engineers  ("The  Fighting  Engineers,"  as  they 
have  l)een  called  ever  since  the  first  British  drive  at  Cambrai),  Professor 
of  Economic  Geology  in  Yale  University,  and  Fellow  in  this  Society  since 
l"ii.">,  had  passed  away  while  on  duty  with  his  regiment  at  the  Flanders 
front.  The  (leological  Society  thus  lost  one  who  had  been  oft«n  at  its 
meetings,  and  who  was  widely  known  as  one  of  the  most  fruitful  and 
stimulating  workers  on  the  problems  presente<l  by  ore  deposits  and  other 
uw'ful  minerals. 

•John  Duer  Ininp  was  born  in  Madison,  Wisconsin.  August  18,  1874, 
and  was  the  oldest  child  of  Roland  Duer  Irving,  to  whose  work  in  the 
(ifteen  years  following  Lake  Superior  geologj'  owes  so  much.  Roland 
Irving  waa  at  the  time  Professor  of  Geology,  ilineralogy,  and  Metallurgy 
in  the  University  of  Wisconsin.  John  Irving,  the  son,  passed  his  boyhood 
in  the  home  where  his  father  was  preparing  Monograph  V  of  the  United 
States  Geological  Survey  on  the  Copper-bearing  Rooks  of  T^ake  Superior, 
aiid  was  beginning  the  studies  and  contributions  on  the  Gogebie  Range. 
wliich  were  completed  after  his  death  by  his  friend  and  colleague.  Charles 
R.  Van  Hise.  Not  only  was  John  Irving's  father  busy  with  the  Kewee- 
nawan  rtyckn,  hut  the  skillful  hand  of  his  mother  was  preparing  with  her 
brush  and  pencil  the  beautiful  colored  plates  with  which  their  microscopic 
I'iiaracters  are  illustrated.  After  the  loss  of  Prof,  Roland  Irving,  Mrs. 
Irving  moved,  with  her  children,  to  Xew  York  among  her  kinsfolk,  and 
Ji)!in  was  prepared  for  Columbia  College,  the  alma  mater  of  liis  father, 
;rrandfather,  and  great-grandfather,  the  last  named  a  brother  of  Wash- 
ington Irving.  John  gave  special  attention  to  geology  during  his  under- 
graduate days,  passed  the  vacation  following  his  junior  year,  with  one  of 
I'ruf.  Henrj'  F.  Osborn's  parties  from  the  American  Museum  of  Natural 
History,  in  the  Tertiary  beds  of  the  Uintaa,  and  graduated  in  1806. 

Having  decided  to  follow  his  father's  footsteps  in  the  calling  of  geolo- 
gist, he  spent  the  summer  with  the  writer  in  the  eastern  Adirondacks  and 

'  In  Ibe  aliBpncr  ot  th?  antbor.  hi*  abxlnicl  van  rratl  bpFore  tht  fnetMy  Drermbfr  21, 
iniS.  br  C.  r.  B*rkfr- 

Manuscript  rrcplred  bt  ttie  Secretary  ot  thp  Society  JaDuary  A.   IStlll, 
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entered  on  his  graduate  study  in  the  autumn.  During  the  vBcstion  of 
1897  he  was  a  member  of  Dr.  Whitman  Cross's  party  in  the  San  Ju&a 
region  of  Colorado,  and  in  the  open  season  of  the  next  year  took  up  the 
field-work  for  his  doctorate  in  the  northern  Black  Hills  of  South  DakoU. 
In  June,  1899,  he  received  his  Ph.  D.,  and  having  passed  with  high  credit 
the  civil-service  examinations  for  the  United  States  Geological  Survey, 
he  received  an  appointment  and  was  sent  back  to  the  Black  Hills,  where 
he  studied  the  ore  deposits  under  the  general  oversight  of  Dr.  S.  F. 
Emmons,  The  appended  bibliography  will  show  the  printed  results;  but 
the  association  began  at  this  time  with  Doctor  Enmions  later  developed 
into  much  work  together,  and  ultimately  made  of  the  younger  man  the 
chief  assistant,  and  finally  the  literary  and  scientilic  executor  of  the  older. 
Yeats  afterward,  when  Doctor  Emmons  passed  away,  leaving  in  frag- 
mentary and  uncompleted  state  the  great  new  monograph  on  Leadville, 
John  Irving  finished  the  manuscript  and  forwarded  it  to  the  Suney 
ready  for  the  printer. 

The  field  experience  which  Irving  had  gained  in  one  Eastern  and  three 
Western  States  before  he  had  been  three  years  out  of  college  was  lattr 
amplified  by  work  in  many  parts  of  the  country.  He  assisted  F.  L. 
Ransome  in  the  Olobc  district  of  Arizona;  worked  with  J.  M.  Boutwell 
in  the  Park  City  district  of  Utah;  prepared  with  W.  H.  Emmons  the 
economic  geology  of  the  Needle  Mountains  quadrangle,  Colorado;  with 
Whitman  Cross  and  Ernest  Howe  the  description  of  the  Ouray  quad- 
rangle; with  S.  F.  Emmons  the  Bulletin  on  the  Downtown  District  of 
Leadville,  and  with  Howland  Bancroft  the  Bulletin  on  the  Geologj'  and 
Ore  Deposits  near  Lake  City.  He  also  did  mapping  of  coal-bearing  quad- 
rangles in  Indiana  with  M.  L.  Fuller  and  in  southwestern  Pennsylvania 
with  M.  R.  Campbell. 

These  field  experiences  with  parties  of  the  United  States  Geological 
Survey  lasted  long  after  he  had  taken  up  teaching  and  were  chiefly  per- 
formed during  tlie  summer  vacations.  The  desire  to  teach  and  to  come 
in  close  personal  and  formative  relations  with  younger  men  grew  etrouger 
and  stronger  in  Doctor  Irving  and  led  him,  in  1903,  to  begin  his  teaching 
career  as  substitute  for  Prof,  Wilbur  C.  Knight  in  the  University  of 
Wyoming,  when  the  latter  was  granted  a  year's  leave  of  absence.  The 
following  year  a  call  to  be  Assistant  Professor  at  I^ehigh  University  took 
him  to  South  Bethlehem,  and  two  years  later  he  was  promoted  to  the  full 
chair.  In  1907  he  was  called  to  be  Professor  of  Economic  Geology  in  the 
Sheffield  Scientific  School  of  Yale  and  shared  in  developing  the  mining 
courses  made  possible  by  the  gift  of  the  Hammond  I,ahoratory.    In  this 
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professorship  he  continued  up  to  the  time  of  his  death,  as  he  was  on  leave 
of  absence  from  the  university  while  serving  with  his  regiment. 

During  his  years  of  teaching  Doctor  Irving  amplified  his  already  ex- 
ceptionally extended  field  experience  by  work  in  mining  geology  of  a  pro- 
fessional nature,  and  in  this  way  was  enabled  to  visit  Alaska,  Montana, 
and  Idaho.  He  attended  the  International  Geological  Congress  in  Stock- 
holm in  1910,  and  thus  enjoyed  the  exceptional  opportunities  afforded  by 
the  Congress  io  see  the  ore  deposits  of  Sweden.  While  in  Europe  for  the 
Congress,  he  traveled  also  on  the  continent  with  his  friend  Waldemar 
Lindgren,  with  whom  he  prepared  a  paper  on  Bammelsberg,  as  the  result 
of  their  joint  visit.  Thus  in  his  work  as  teacher,  John  Irving  drew  on  a 
wide  and  varied  experience  and  on  extended  personal  observation  made 
both  as  scientific  man  and  as  engineer.  To  an  exceptional  degree,  there- 
fore, he  was  able  to  meet  the  requirements  of  a  professorship  in  a  tech- 
nical school  and  of  the  courses  in  the  applications  of  geology,  which  are 
now  much  sought  and  are  among  the  most  important  offered  in  the  cur- 
ricula of  our  universities.  In  the  inevitable  vocational  developments  of 
college  and  university  instruction  which  will  accompany  the  reorganiza- 
tion after  the  upheaval  of  the  war  he  will  be  greatly  missed,  since  he 
combined  in  high  degree  the  ideals  of  accurate  and  unselfish  work  with 
the  good  sense  of  the  engineer. 

In  1905,  while  John  Irving  was  yet  at  work  at  Lehigh  University,  the 
plan  was  developed  of  establishing  a  magazine  which  might  be  the  special 
means  of  expression  and  record  for  the  vigorous  young  school  of  Amer- 
ican students  of  ore  deposits  and  applied  geology,  which  had  then  become 
a  marked  feature  of  our  scientific  life.  We  gathered  a  little  band  ready 
to  maintain  such  a  journal  through  what  was  anticipated  would  be  two  or 
three  years  of  financial  struggle  for  self-support  John  Irving  was  chosen 
as  editor,  and  to  his  untiring  efforts,  ably  aided  by  the  unselfish  work  of 
W.  S.  Bayley  as  business  manager,  we  chiefiy  owe  the  thirteen  volumes 
of  this  valaable  and  interesting  journal.  No  one  can  turn  its  pages  with- 
out a  feeling  of  admiration  for  the  succession  of  contributions  which  it 
contains.  As  we  look  the  volume  over,  we  note  also  the  subjects  which 
especially  appealed  to  the  active  and  philosophical  mind  of  the  eilitor. 
His  work  in  the  mining  districts  emphasized  the  importance  of  ore-shoota 
and  Iocs)  places  of  value  in  veins,  and  he  seeks  to  classify  and  systematize 
their  causes.  He  is  again  impressed  with  the  importance  of  a  rampre- 
henaive  atudy  of  special  problems  wherever  one  particular  case  of  them 
may  be  illustrated,  as  contrasted  with  the  generally  localized  investiga- 
tions carried  on  by  one  individual.  His  extended  experience  at  Leadville 
in  the  mines,  where  S.  F.  Emmons  made  the  illuminating  application  of 
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the  raiiceptious  of  replacement,  leads  him  to  seek  criteria  whereby  re 
placement  bodies  may  be  identified. 

And  tlien,  while  in  the  active  exercise  of  his  mauy  useful  activities, 
came  the  war  of  (Jerman  aggression.  As  its  early  montlis  passed,  and 
every  thinking  American  realized  that  his  country  could  not  maintain 
muoli  longer  its  supine  attitude,  while  common  decency  as  well  as  civilized 
life  hung  in  the  balance,  I  know  from  intimate  talks  witli  John  Irving 
that  he  became  convinced  that  he  should  respond  in  person  to  the  call. 
Being  unmarried,  he  felt  it  his  duty  to  go  to  Plattsburg,  although  he  was 
beyon<i  forty  years  of  age.  He  entered  the  officers"  training  camp  in  the 
summer  of  1916  and  took  up  its  routine  earnestly  and  seriously.  He 
passed  through  the  grades  of  non-commissioned  officer,  and  when  the 
cam))  closed  entered  his  name  as  one  a\'ailable  for  service  if  conditions 
called  for  him.  The  following  spring  the  anticipated  conditions  ma- 
terialized. He  was  commissioned  captain,  was  assigned  to  the  Eleventh 
Itegiment  of  Engineers,  and  was  granted  leave  of  absence  by  the  authori- 
ties of  Yale.  He  sailed  for  France  in  July.  IfllT.  \Ye  are  permitted  by 
the  ceusor  to  know  that  he  was  early  engaged  in  railway  construction  and 
worked  at  top  speed  to  maintain  the.'fe  arteries  of  sujiply  for  the  army  in 
full  activity.  His  duties  brought  him  under  shell-fire,  and  he  learned  to 
keep  his  nerve  under  these  trying  conditions.  Later,  when  dug-outa,  tun- 
neling, and  the  exploding  of  mines  beneath  the  enemy's  works  achieved 
such  importance,  he  was  transferred  to  the  Engineers'  school  at  head- 
quarters, and  was  busy  with  a  seemingly  endless  procession  of  classeE^  to 
l)e  instructed  in  the  rudiments  of  raining  engineering.  His  letters  show 
that  the  calls  were  hard,  exacting,  and  exhausting.  Re  returned  again 
to  the  front,  met  a  class  or  two  of  engineers  there,  was  stricken  with  tlip 
Spanish  influenza,  and  developed  pneumonia,  against  which  he  had  not 
the  strength  to  rally,  although  every  rc-wurce  of  mwicrn  medicine  was 
used  to  aid  him.    July  20  his  name  was  added  to  the  houor  roll, 

John  Duer  Irving  was  a  man  of  the  highest  ideals  of  service,  whether 
tiie  service  was  rendered  to  his  students,  his  university,  or  his  country. 
His  duties  were  discharged  faithfully  and  with  a  deep  sense  of  responsi- 
bility. The  magazine  Economic  Geoloz/t/  was  a  labor  of  love.  The  time 
of  Professor  Irving  was  never  so  valuable  but  that  a  student  could  com- 
mand advice  and  guidance.  The  full  strength  and  more  of  Captain 
Irving  was  given  to  his  countn".  As  a  geologist  his  work  is  marked  i>v 
painstaking  care  and  a  conscientious  ambition  for  accuracv'.  He  wat: 
given  to  thinking  out  his  pniblems  to  a  carefully  grounded  solution.  In 
literary  expression  he  is  clear  and  easily  understmid,  and  in  these  respects 
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mainUiiKKl  the  high  traditions  of  his  family,  which  funiisheil  this  coun- 
try with  one  of  its  first  really  great  men  of  letti-rs. 
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HEMOKIAI.  OF  FATBICK  HUES  MBLL  ' 


Patrick  Hues  Mell,  son  of  Patrick  Hues  and  Lurene  Howard  (Cooper) 
MeU,  was  bom  in  Penfield,  Georgia,  May  24,  1850,  and  died  in  Frede[- 
icksbarg,  Virginia,  October  12,  1918, 

His  father,  a  Baptist  preacher,  was  for  many  years  a  professor  at 
Mercer  University,  and  during  the  last  ten  years  of  his  life  was  Chancellor 
of  the  University  of  Georgia.  Thus  Doctor  Mell  was  raised  in  a  colleste 
utmosphere.  Entering  the  University  of  Georgia  in  1866,  he  completed 
every  course  in  that  institution,  graduating  succesaively  with  the  degree 
of  A.  B.  in  1871,  C.  E.  in  1872,  and  M.  E.  in  1873,  the  mining  course 
being  then  offered  for  the  first  time.  In  1880  he  received  his  Ph.  D.  from 
the   same  institution. 

Very  early  in  life  he  showed  an  aptitude  for -the  natural  sciences.  As 
a  boy  he  was  fond  of  taking  long  excursions  in  the  woods,  and  at  an  earlv 
age  had  made  himself  familiar  with  the  plants  and  minerals  of  the  South. 

The  first  few  months  after  his  graduation,  in  187&,  Doctor  Mell  spent 
as  a  consulting  mining  engineer.  In  1874  the  Georgia  State  Agricultural 
Department  was  organized,  this  being  one  of  the  first  in  the  South,  and 
Doctor  Mell  was  made  State  Chemist.  In  this  capacity  he  analyzed  soils 
and  commercial  fertilizers,  which  were  then  just  being  put  on  the  market. 
They  were  greatly  adulterated,  and  the  officials  of  this  new  department 
had  a  difficult  time  between  the  necessity  of  exposing  poor  fertilizers  and 
the  desire  to  popularize  the  new  department  among  the  people  and  poli- 
ticians. 

In  187.1  he  married  Miss  Annie  White,  of  Athens.  She  has  alwa.vs 
been  deeply  interested  in  liis  work  and  has  proved  a  sympathetic  and 
helpful  companion  during  the  many  years  of  their  life  together. 

Under  the  confinement  of  the  laboratory.  Doctor  Mell's  health  broke 
down,  and  in  1877  he  resigned  as  State  Chemist  to  go  into  open-air  life. 
As  a  mining  engineer  he  tramped  and  rode  horseback  from  North  Caro- 
lina to  Alabama.  Those  were  stage-coach  days  and  the  mountains  were 
full  of  bandits;  but  though  he  always  went  unarmed  he  was  never  mo- 
lested. During  this  period,  as  correspondent  of  the  Enijineenn;-  ami 
Mining  Journal,  he  wrote,  at  the  request  of  the  editors,  a  series  of  artfcles 
on  the  clays,  gold,  and  corundum  of  the  unknown  South.  In  the  sum- 
mer of  1878  he  attended  a  State  Industrial  Convention  in  Alabama, 
where  he  carried  a  collection  of  specimens  of  Alabama  minerals,  M-ith 

(iQorlaE  w>a   read  before  the   Society   December  2T. 
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mujiH  of  their  location.  Thie  attracted  nim-h  attentiou.  The  President 
itf  the  Agricultural  and  Mechanical  t'ollege  of  Alabama  waa  present,  and 
wan  so  pleased  with  the  exhibit  that  he  tendered  Doctor  Mell  the  chair  of 
\atural  Histoiv  at  Auburn.  Having  regained  hie  health,  he  went  to 
Auburn  in  the  fall  of  1878.  Yet  he  always  looked  back  on  those  eighteen 
months  in  the  mountains  as  perhaps  the  fullest  and  happiest  of  his  life, 
and  later  expressed  regret  that  he  had  not  giien  his  entire  time  to  geo- 
logical work,  as  that  was  his  favorite  subject.  He  often  confessed  to  me 
that  he  believed  he  would  have  made  a  greater  reputation  for  himself  as 
II  geologist  than  ae  a  college  president. 

For  some  years  he  spent  all  of  his  vacations  ])ro8pecting  in  the  moun- 
tains or  at  Olaibonie.  Alabama,  where  he  collected  the  famous  Claiborau 
fossils  from  the  bluffs  by  the  river.  He  arranged  collections  for  exchange, 
nnd  in  this  way  acquired  many  valuable  specimens  for  the  museum.  His 
collectioa  at  Auburn,  which  was  the  finest  in  the  South,  received  the 
highest  commendation  from  experts  from  all  parts  of  the  country.  When 
the  college  building  burneii  in  June  of  1887,  he  was  away,  and  the  tele- 
gram, "Xothing  saved  of  all  your  valuable  collection,"  so  depressed  him 
that  he  never  had  the  heart  to  replace  it,  though  he  always  aided  in,  build- 
ing up  the  museum.  Doctor  Mell  had  scientific  correspondents  all  over 
the  world.  Among  these  was  Jacques  De  Morgan,  then  a  yoimg  man, 
afterward  the  great  Assyrian  and  Egyptian  explorer. 

Jn  1884,  when  the  State  Weather  Service  was  started.  Doctor  Mell  was 
asked  to  take  charge  of  the  work  for  Georgia,  Florida,  and  Alabama,  with 
his  office  at  Auburn.  When  the  bureaus  were  formed  in  the  separate 
States,  he  retained  the  direction  of  the  one  at  Auhum  for  Alabama,  doing 
this  in  addition  to  his  college  work.  This  position  he  kept  until  18ft;t. 
The  system  of  weather  signals  now  used  by  the  United  States  Weather 
Bureau  was  his  invention.  He  was  repeatedly  asked  hy  the  officials  in 
Washington  to  allow  himself  to  lie  made  Chief  of  the  Weather  Bureau, 
but  be  always  deidined. 

From  18!)8  to  1902  he  was  conne<-ted  with  the  Alalmma  Experiment 
Station.  He  carried  on  many  vahia))le  experiments  in  cotton-breeding 
during  these  years.  He  was  asked  to  arrange  the  cotton  exhibit  of  the 
Southern  Staten  for  the  Paris  Exposition  in  IftOO. 

While  at  .Mabama  he  was  thrice  tempted  to  leave  his  scientific  work 
for  executive.  He  deidined  the  presidency  of  fiercer  Tniversity  in  180.^ 
and  of  the  Xorfh  Georgia  Agricultural  College  in  1807,  but  in  1903  he 
at  last  yielded  to  the  hislstent  demands  for  his  ser\'iees  in  this  other 
capacity,  and  liwame  President  of  Clenison  College,  South  Carolina, 
which  position  he  held  for  eight  years,     Tt  was  as  a  college  president  that 
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1  knew  him.  and  1  liflve  most  grateful  recollections  of  liim  in  that  capac- 
ity and  of  his  intereeted  helpfulness  to  me,  a  young  professor.  He  was 
I'sscntially  a  kindly  man  in  all  of  his  relations,  both  ofTieial  and  peisonal, 
and  his  courtesy  was  as  great  to  the  humblest  member  of  his  facidty  a^? 
to  one  of  highest  rank. 

Doc-tor  and  Mrs.  Mell  were  extremely  hospitable  and  their  home  was 
the  center  of  all  college  activities.  Doctor  Mell  possessed  to  an  unusual 
degree  the  facnlty  of  leaving  his  official  cares  with  his  desk — a  quality 
which  enabled  his  gnests  to  know  the  man  more  intimately.  ■ 

In  lyiO  he  resigned  the  presidency  of  Clemson  College  and  retiree!  to 
a  home  in  Atlanta,  expecting  to  enjoy  a  well-earned  rest.  But  even  here 
duties  sought  him  out.  and  hie  last  years  were  spent  in  the  senice  of  his 
church,  on  the  Baptist  Home  Mission  Board. 

In  thinking  over  the  events  of  Doctor  Mell's  life,  one  is  impressed  wit'i 
the  fact  that  he  was  a  pioneer  in  so  many  lines.  At  the  time  when  lie 
liegan  teaching,  the  realization  of  the  necessity  for  specialization  in  dif- 
ferent branches  of  science  was,  especially  in  the  South,  just  being  recog- 
nized. Instead  of  expecting  a  "science  teacher"  to  know  all  branches  of 
w-ience.  the  colleges  were  awakening  to  the  fact  that  a  man's  whole  life 
is  too  short  to  master  any  one.  Thus  we  see  Doctor  Mell,  time  after  time, 
at  the  parting  of  the  ways,  when  he  must  choose  between  two  branches 
of  a  subject  both  of  which  attracted  him.  He  had  a  part  in  tiie  gniwth  of 
mining  engineering  in  the  South,  in  the  establishment  nf  State  depart- 
ments of  agriculture,  of  ex[>erimcnt  stations,  of  the  Weather  Service,  and 
the  important  development  of  the  agricultural  and  mechanical  colleges  of 
the  South, 

I  quote  now  from  a  letter  to  me  from  Dr.  George  Petrie,  who  was 
doselv  associatefl  with  him  at  Auburn  before  I  knew  hira.  Doctor  Petrie 
says ; 

■*Ahoul  ttilrty  yeiirs  ago  I  arrived  In  Auburn  to  beein  my  work  an  a  teacher 
Id  what  was  then  the  Aerlcultnral  and  Mechanical  Cnlleee  of  A1at>ama,  It 
wan  my  first  ]oh  of  tPBrhhi>;,  I  bad  my  anxious  moments  and.  to  tell  the  truth 
I  was  dreadfnll.v  homexlck.  Out  of  pure  klndnens,  I'rofewior  Mell  and  Lis  wife 
took  xne  in  their  home.  It  vrafi  noe  of  the  Itetit  thliiffs  that  ever  befell  me. 
From  that  day  until  be  died  If  was  my  plvnsure  to  eount  him  as  a  persnunl 

"As  I  look  hact  oyer  those  years  of  elose  contail.  much  of  the  time  as  a 
eolleBKue,  I  bcRin  to  reallste  what  a  stronii;  influenct'  he  had  ou  all  of  us  who 
were  near  him  and  on  the  students  who  were  In  his  claiisea.  TJiHt  strong  per- 
HiDAl  influruce  was  the  key  to  his  sncreKs.  He  was  n  very  mo<lest  man.  and 
an  extremely  courteous  cue.  iiut  his  Influenre  was  not  to  l>e  resisted.  In  thin 
he  was  a  flue  type  of  the  Southern  professor  of  the  old  days.  He  was  not  a 
mere  siieclallst :  be  was  a  scientist  with  broa<i  sympathies  and  an  attractive 
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personality.  He  loved  his  work  and  his  enthiuUBm  was  coDtagtous.  He  was 
never  too  busy  to  help  a  frieiid,  sever  too  worried  to  listen  to  anoUier's 
troubles,  or  too  absorbed  to  sympathize  with  him.  This  was  the  personal  toncb 
which  endeared  him  to  hlx  friends.  To  him  human  life  was  the  great  thing, 
and  even  bin  beloved  sclent??  gut  itn  value  and  Its  charm  for  him  from  the 
light  that  It  threw  on  life  and  on  the  world  we  live  in. 

"It  seemed  to  me  that  he  was  always  busy  with  some  piece  of  scientlflc 
research.  Early  In  the  morning  he  was  at  his  office  or  In  his  laboratory  work- 
ing. The  afternoon  found  him  still  there,  while  the  rest  of  us  were  out  for 
walks  or  sport.  Often  at  night  the  last  that  I  saw  of  him  he  was  sitting  In 
bis  study,  half  curtained  ofF  from  the  sitting  room,  still  working,  working. 
That  was  In  the  days  before  modern  proc«SBes  hadslmpllfled  such  labor.  He 
made  his  own  experiments :  he  corrected  his  own  proof ;  he  made  the  Illustra- 
tions with  his  own  camera  or  on  his  own  drawing  board.  And  he  did  all  this 
In  moments  snatched  from  days  already  filled  with  college  duties. 

"He  was  a  kinsman  and  admirer  of  the  famous  l.e  Conte.  I  suppose  It  was 
from  him  that  he  got  his  flrst  enthusiasm  for  geology.  Le  Conte's  Geology 
always  had  a  favorite  place  on  his  desk  and  a  tender  spot  in  his  heart,  al- 
though he  did  not  agree  with  ail  of  I-e  Conte's  conclnslonB. 

"Botany  was,  next  to  geology,  his  favorite  study.  I  rememlier  vividly  tlie 
Infinite  care  and  pains  that  he  put  on  a  study  of  the  cotton  plant.  It  was.  If 
t  am  not  mistaken,  made  for  the  Paris  Exposition.  He  was  then  Director  of 
our  Experiment  Station,  and  I  believe  that  some  other  members  collaborated 
with  him  fn  their  particular  fields.  The  publication  attracted  wide  attention; 
but  what  Impressed  me  was  his  method  of  work — his  care  In  cross-breeding, 
the  beautiful  microscopic  plates  that  he  made  to  Illustrate  the  results  In  the 
fiber,  the  careful  photography  of  plants,  bolls,  and  microscopic  results,  the 
elaborate  tables,  and,  above  all  else,  the  pleasure  that  be  took  In  his  work. 
That  always  struck  me  as  characteristic  of  the  man— his  delight  In  bis  work. 
It  did  not  seem  to  be  drudgery  to  him.  He  worked,  not  grimly,  as  some  do. 
but  In  fine  humor.  He  was  bles.sed  with  a  keen  sense  of  fun,  and  he  was  able 
to  Joke  when  things  went  wrong. 

"From  this  steady  labor  he  found  relaxation  among  hin  friends.  I  do  uot 
think  he  cared  for  society  In  any  formal  sense,  but  In  his  own  home  he  was 
the  prince  of  good  fellowH.  Ileal  hospltallt.v  went  deegi  down  into  the  marrow 
of  his  lioneR.  He  was  genial,  unreserved,  charming.  He  and  bis  wife  were 
fond  of  music.  They  sang  the  old-time  songs  that  were  rich  In  sentiment  and 
melod.v,  and  his  fiute  was  full  of  mocking-birds  and  Southern  moonlight. 

"Devoted  as  he  was  to  scientific  research,  I  think  he  regarded  teaching  an. 
to  use  a  fine  old  phrase,  bis  calling.  It  was  not  Just  a  way  to  make  a  living. 
It  wax  a  high  and  noble  profCHxlon.  with  great  opportunities  and  equally  great 
re^qronsilinitieR." 

DiK'tor  Mcll  was  a  member  of  Kappa  Alpha  and  Phi  Beta  Kappa  fra- 
ternities. He  became  a  Fellow  in  the  Geological  Society  of  America  in 
188D.  He  'H.'loiijrc(l  to  the  American  Association  for  the  Advancement 
of  Science,  the  Southern,  South  Carolina,  and  Alabama  historical  socie- 
ties, the  Xational  Geographic  Society,  and  tlie  Sons  of  Confederate 
Veterans. 
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BiBLlOORAPBY 

He  wae  the  author  of  the  following  publicationB : 

Auriferous  Slate  Deposits  of  Southern  Hegions. 

Southern  Soapetones  and  Flreclaya. 

Wild  Graa.%a  of  Alabama. 

Microscopic  Stud;  of  the  Cotton  Plant 

GUmatoloKf  of  Alabama. 

Cllmatologf  of  Cotton  Plant. 

Improvement  ol  Cotton  Plant  by  CrossinK. 

Life  of  Patrick  Uues  Mell,  Sr.,  LL.  D. 

Botanical  Laboratory  Guide. 

Revision  of  Mell'a  Parliamentary  Practice. 

Revision  of  White's  Gardening  for  the  South. 

Biological  Laboratoiy  Methods. 

Contributions  of  the  South  in  Building  of  Nation. 

Administrative  Methods  In  American  CoUeges.f 

Industrial  Education  and  its  Value  to  the  South. 

HEMORIAI.   OP   HENBI    SHALEB    WILLIAUB  ' 
BY  HEBOUAN   1.   CLELARD 

Henry  Shaler  Williams  was  bom  March  6,  1847,  at  Ithaca,  New  York, 
and  in  this  region,  with  ils  deep,  pictiireaque  gorges  and  beautiful  lake, 
he  spent  his  youth  and  the  greater  pnrt  of  hia  mature  years.  The  interest 
e.>i(-ited  by  the  fossils  which  ho  found  as  a  boy  in  the  fossiliferous  shales 
and  saiidstoDes  of  the  lavines  and  goiges  about  Ithaca  probably  deter- 
mined his  choice  of  u  profession,  ns  they  later  furnished  him  with  the 
key  which  enabled  him  to  unlock  some  of  the  mysteries  of  stratigraphy. 
From  these  he  also  learned  the  precise  methods  of  stratigraphy  for  which 
he  will  long  be  known. 

Professor  Williams  sprang  from  colonial  stock.  The  Williams'  pro- 
genitor settled  at  Saybrook,  Conuecticut,  in  1640,  and  his  descendants, 
in  the  direct  line,  remained  in  that  State  until  the  father  of  the  subject 
of  this  sketch  moved  to  Ithnca,  New  Yoik.  On  his  mother's  side  we  find 
that  the  family,  the  Hardy's,  came  to  America  shortly  before  the  Revo- 
Intionar}-  War. 

He  prepared  for  the  Sheffield  Scientific  School  at  Ithaca  Academy  and 
graduated  from  Yale  in  the  class  of  1868.  His  popularity  as  a  student 
is  shown  by  his  election  to  the  Psi  TJpsilon  Fraternity.    After  graduation, 


■Id  tbc  sbMDce  of  tbe  aatbor,  an  oral  trtbate  to  the  deccKiMl  wai  pmM  bj  Wbltman 
CroM  before  tbe  Boctetr  on  DeeeinhT  ZT,  1918. 
>  Read  before  tbe  Bocletr  Decembec  27,  1913. 
Mamuerlpt  received  br  tbe  Secretarr  of  tbe  Society  C 
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lie  continual  at  Yale  as  assistaiit  iu  paleontology  ami  graduate  Btudeiil 
in  geology  and  zoology  and  received  his  dot-torate  in  IfiTl.  Upon  com- 
pleting his  graduate  work  he  taught  a  year  at  Transylvania  College,  then 
known  as  Kentucky   University. 

The  years  between  ltiT2  and  18HI>  were  spent  in  busine^  in  Ithaca  at 
the  earnest  reiiuest  of  his  father  who  wished  all  of  his  sons  to  cooperate 
with  him  in  the  banking  and  mercantile  enterprises  which  he  had 
founded.  He  spoke  to  me  at  one  time  of  these  years  spent  in  busiiiess  as 
\ery  unhappy  ones  because  his  interests  were  in  in^holarly  pursuits  and 
not  in  the  mere  making  and  accumulating  of  money.  One  slioulil  not 
conclude  from  this  stateme'it,  however,  that  he  lacked  business  ability. 
His  analytical  mind  and  the  conservative  training  which  he  received  frum 
his  father  enabled  him  to  exercise  good  judgment  in  business  matters, 
and  he  left  to  his  children  a  fortune  someirhat  larger  than  that  which  he 
had  inherited. 

In  18"!>  he  was  ele<'ted  Assistant  Pn)fes.tor  of  Cieology  at  Cornell  Utii- 
versity— a  title  which  was  changed  to  Professor  of  Paleontology-  in  laisO, 
In  1HS4  he  was  promoted  to  a  full  professorship,  which,  in  1H8B.  was 
made  to  include  geology. 

In  1892  the  high  regard  in  #ihich  he  was  held  by  Prof.  James  D.  Dana, 
who  was  attracted  to  him  as  a  student  and  who  had  closely  followed  his 
work  as  an  investigator,  is  shown  by  his  appointment,  at  the  personal 
reqnest  of  Dana,  to  the  Silliman  Professorship  of  (Jeology,  which  Pro- 
fessor Dana  had  so  long  held.  This  appointment  was  very  gratifying  to 
Williams  not  only  because  it  was  a  recognition  of  his  scientific  work  iiiit 
also  because  of  the  honor  of  the  appointment  to  that  chair.  His  stay  at 
Yale,  however,  was  not  as  pleasant  as  he  had  anticipated,  and  twelve 
years  later  he  returned  to  Cornell  University  as  Professor  of  Geology 
and  Director  of  the  fieologjcal  Museum.  Here  he  remaineil  in  the  regio.i  ' 
whose  study  gained  for  him  recognition  as  one  of  America's  foremost 
paleontologists  until,  on  reaching  the  retiring  age  in  1912,  he  became 
Professor  Emeritus.  The  last  two  years  of  his  life  were  spent  in  Cnliii, 
where  he  was  much  interested  in  the  development  of  oil  on  a  son's  pn)|>- 
crty.     He  died  in  Havana  of  pleurisy  July  ;J(),  ISIIH. 

Henry  Shaler  \Yilliams  Iregan  his  scientific  studies  at  a  time  when 
unusual  interest  was  being  aroused  in  geology  and  paleontology.  Some 
iif  Janic.a  Hall's  notable  monographs  on  the  paleontology  of  New  York 
State  had  already  api>eare<l,  and  the  year  before  he  graduated  from  Yale 
(]K(iS)  the  report  on  the  Tapper  Helderiicrg,  Hamilton,  Portage,  and 
Chonning  wus  published  in  which  are  descrilH'd  the  fossils  from  the  for- 
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mations  along  the  shores  of  Cayuga  Lake,  at  the  bead  of  which  young 
n'miams  lived.  It  is  possible  that  had  not  this  report  been  published 
when  it  was  WilliamB  would  not  have  become  a  paleontologist.  Uany  of 
the  saperb  earlier  geological  reports  of  Illinois,  Ohio,  and  Pennsylvama 
were  published  at  this  time  or  had  but  recenth  appeared.  Cope  was  de- 
scribing his  wonderful  discoveries  of  fossil  fishes,  reptiles,  and  mammals 
from  the  M'est,  and  Marsh  was  well  started  on  his  work.  Moreover,  Wil- 
liams was  a  student  of  James  D.  Dana,  then  at  the  height  of  his  fame  and 
the  most  eminent  geologist  of  his  generation.  It  was,  however,  a  time  of 
"species-making,"  and  perhaps  nothing  shows  better  the  iine  quality  of 
Williamfi'  mind  than  the  fact  that,  notwithstanding  the  precedent  estab- 
lished by  the  eminent  geologists  of  his  impressionable  years,  he  invented 
a  new  method  of  stratigraphic  study, 

Allien  Professor  Williams  began  his  scientific  work,  it  was  held  that  a 
distinct  set  of  fossils  characterizes  each  geological  formation,  but  he  soon 
learned  that  there  are  exceptions  to  this  important  rule.  In  studying  the 
Devonian  formations  about  Ithaca,  he  found  that  the  so-called  charac- 
teristic fossils  of  the  Hamilton  formation,  for  example,  also  occur  in 
certain  beds  in  the  Ithaca;  that  in  the  Ithaca  Qroup  there  is,  "first,  a 
Portage  fauna,  then  the  Ithaca  fauna;  third,  the  Portage  fauna  again, 
and  finaUy  Chemung  capped  by  the  Catskill  and  Carboniferous.'"  This 
discovery,  fundamental  as  it  is,  was  not  immediately  welcome  to  all  pale- 
ontologists, because,  as  one  said,  "How  is  one  to  be  sure  of  the  age  of  any 
formation  if  one  can  not  depend  on  the  characteristic  fossils?"  This 
practical  inconvenience  at  first  prejudiced  his  colleagues  against  his  ob- 
i<ervations,  but  the  principal  is  now  an  accepted  dictum  of  paleontology. 

Williams'  chief  permanent  contributions  to  the  principles  of  paleon- 
tolog>'  were  the  result  of  a  method  of  collecting  which  be  appears  to  lime 
originated  and  which  requires  great  patience,  care,  and  time. 

In  collecting  fossils  from  a  section  a  careful  and  full  examination  is 
made,  if  possible,  of  every  foot  of  the  section  from  bottom  to  top,  and 
where  any  change  in  the  faunal  content  is  noticed  a  separate  field  number 
is  given  to  this  faunule.  If  when  studied  carefully  in  the  laboratory  it  is 
found  that  some  of  the  faunules  of  adjoining  beds  contain  faunules  so 
t^'losely  alike  as  to  signify  practically  the  same  set  of  speciee,  associated 
in  the  same  biological  equilibrium  of  relative  abundance,  they  are  grouped 
together.  When  collections  made  in  this  way  from  a  number  of  sections 
near  enough  to  each  other  arc  studied,  some  of  the  faunal  zones  can  be 
identified  in  the  different  sections.  It  was  by  this  method  that  his  theory 
of  the  "shifting  of  faunas"  and  of  "recurrent  faunas"  was  demonstrated. 
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His  statement  of  the  changes  in  fossil  faunas  in  passing  geographically 
from  place  to  place  is  as  follows : 

"tTpon  tradng  single  species  Bcross  these  secttons,  It  was  teamed  that  the 
mntatloii  of  the  spedes  not  only  mar  be  recognised  on  passing  vertically  up- 
ward through  a  contlnnons  section,  but  that  the  more  dlrert  line  of  sDCceasloii 
was  often  deflected  laterally,  so  that  the  Immediate  successor  of  a  particnlar 
fsnna  of  one  section  was  fonnd  not  directly  above  It  In  the  same  section,  hut 
at  a  higher  horizon  In  a  section  ten  or  twenty  miles  distant.  This  shifting  of 
faunas  was  taken  as  actual  evidence  of  migration."  * 

The  correct  correlation  of  the  Catskill  fonnation  was  an  indirect  result 
of  the  application  of  the  principles  growing  out  of  his  method.  He  dem- 
onstrated that  instead  of  being  younger  than  the  Chemung  the  Catekill 
formation  was  contemporaneous  with  it,  the  Catskill  fauna  living  in 
fresh  or  brackish  water  and  the  Chemung  fauna  in  contemporaneous 
marine  waters. 

While  examining  the  Devonian  collections  when  on  a  visit  to  European 
museums,  bis  thorough  acquaintance  with  the  faunas  of  the  Cayuga  Lake 
section  enabled  him  to  recognize  the  Tullj  limestone  fauna  (Devonian) 
as  the  equivalent  of  the  fauna  of  the  Cuboides  zone  of  Europe.  He  thus 
established  a  definite  line  between  the  Eo  and  Meso- Devonian.    He  says: 

"The  conclusions  we  draw  from  tbia  attidy  of  tbe  faunas  of  the  Cuboides 
Eone  and  the  Tully  limestone  are  that  within  narrow  limits,  geologically  speak- 
ing, the  point  In  the  European  time  scale,  represented  by  the  beginning  of  the 
depoBlUon  of  the  Cuboides  Schlcbten  of  All  La  Chapelle.  et  cetera,  Is  repre- 
sented In  tbe  New  Tork  sections  by  the  Tolly  limestone,  and,  second,  that  the 
representative  of  the  buna  of  the  Cuboides  zone  of  Europe  is  seen  in  New 
lork  not  only  In  the  Tully  limestone,  but  In  the  shaly  strata  for  several  hnn- 
dred  feet  above.  Therefore,  If  we  wish  to  express  precise  correlation  la  our 
classification  of  American  rocks,  the  Une  between  Middle  and  Upper  Devonian 
formations  should  be  drawn  at  the  base  of  the  Tully  limestone  to  correspond 
with  the  usage  of  French,  Belgian,  German,  and  Russian  geologists,  who  In- 
clude FYasnein,  Cuboides  Schlchten,  and  correlated  itones  In  tlie  Upper  D^ 
vonlan." ' 

A  consideration  of  the  theories  of  evolution  delighted  him,  and  he  loved 
to  speculate  on  the  shades  of  meaning  of  terms  used  by  Darwin,  Huzlev. 
and  others.  The  best  statements  of  his  own  conclusions  are  to  be  found 
in  his  Geological  Biology  (1895)  and  in  papers  that  grew  out  of  the 
writing  of  this  book,  which  appeared  in  1897  and  1898. 

Professor  Williams  "was  the  author  of  upwards  of  90  papers  and  books, 
comprising  nearly  3,000  pages,  and  of  these  about  C5  titles  relate  to 

■  Tbe  acope  of  pnleoDtolagr  and  Itg  nlae  to  Bcoloslals.  Am.  Oeol..  vol.  i.  1892.  pp. 
14B-ie9. 

■Bun.  Rral.  Soc.  Am.,  TOl.  1,  1800,  pp.  481-BOO. 
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Stratigraphy.  iDcidental  to  his  studies  he  described  16  new  genera  and 
more  than  140  new  epeciea."  * 

He  was  the  inventor  of  the  now  widely  used  method  of  photographing 
fossils  after  coating  them  with  ammonium  chloride  deposited  on  the 
fossils  by  the  union  of  hydrochloric  acid  fumes  and  those  of  ammonium. 

Professor  Williams  was  an  investigator  rather  than  a  teacher.  That 
he  thoroughly  understood  the  theory  of  teaching,  however,  is  proved  by  a 
reading  of  a  paper  on  the  Methods  of  Inatruction  in  General  Geology. 
This  paper,*  as  far  as  the  wfiter  is  aware,  contains  the  best  suggestions 
for  the  presentation  of  this  difficult  subject  that  has  yet  appeared.  He 
was,  nevertheless,  not  notably  anccessful  ae  a  teacher  or  a  lecturer  for 
undergraduate  students. 

A  former  student  and  his  successor  at  Yale  says : 

"Wllllatns  was  not  a  iwpuiar'  teacher,  as  voted  br  the  Senior  clasa.  He 
kuew  DO  tricks  of  the  lecture  platform  and  cared  little  for  applauae.  Be  found 
It  dlfflcnlt  to  formulate  dramatic  Bltuatlona  and  Impossible  to  be  dogmatic; 
bis  statements  were  accompanied  by  qnallflcatloDs  and  exceptions.  Williams 
loved  tbe  truth  as  few  men  love  It ;  he  was  not  content  with  half  truths.  The 
effect  of  this  style  of  tea<diinK  was  easily  seen  In  the  reaction  of  the  class. 
At  llnrt  the  teaching  seemed  confoslng ;  few  clear-cut  sentences  could  be  writ- 
ten In  a  note-book,  and  crammlnK  for  tests  on  the  basis  of  catch  phrases  was 
a  very  difficult  task.  Before  tbe  end  of  tbe  coarse,  however,  the  class  realized 
tbat  nnder  the  name  of  geology  they  were  learning  the  greatest  lesson  open  to 
men — tbe  method  of  weighing  evidence  and  thns  arrlvtog  at  the  truth."  * 

With  his  graduate  etudents  he  took  as  his  model  Louis  Agaesiz,  and 
occasionally  would  illustrate  Agaseiz's  method  by  the  oft-told  story  of  the 
fish  skeleton  which  Agassiz  gave  a  student  for  study.  One  who  studied 
nnder  him  as  a  graduate  student  aaye :' 

"He  did  not  believe  In  directing  each  separate  step  which  his  pupils  took, 
bat  he  believed  rather  In  leading  them  to  search  for  thetr  own  problems,  and 
when  found  to  solve  them  independently,  If  possible.  He  considered  the  field 
of  sdentlflc  paleontology  to  be  limited  in  Its  possibilities  for  a  livelihood,  and 
consequently  he  never  offered  undne  encoaragement  to  prospective  ntudents  to 
enter  tbe  work.  To  those  who  were  bound  to  eoter,  however,  he  gnve  the  best 
that  be  had  In  tiim  In  counsel  and  advice.  He  was  espedelly  a  laboratory 
teacher  and  made  bis  students  feel  that  they  were  companions  with  him  tn 
reMarch.  .  .  .  His  own  experience  during  his  early  days  at  Cornell  led 
him  to  advise  his  student  always  to  search  for  and  solve  the  problems  that 
were  to  be  found  In  their  own  dooryard,  rather  than  to  think  that  any  problem 
worth  solution  must  be  found  In  distant  parts  of  the  earth." 

•Chsrle*  Behdcbert;  Btorj  abaler  WtUtama;  an  appreclttlDD  of  hli  work  In  atnitll- 
rapbr.     A';'.  Joor.  Bel.,  vol.  xlvl,  1918,  pp.  682-687. 

■  Americin  Natanllit,  vol.  zil.  18ST.  pp.  ei6-a26, 

■  H.  B.  OngoTj :  Memorial  addreaa,  Cornell  nnlTaralty. 
>  Stuart  Weller :  Jonroat  of  Geolog}'. 
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pR  Gssor  Williams  was  a  charter  member  of  and  one  of  the  foimdere 
of  thi;  Geological  Society  of  America.  "It  appears  probable,"  says  Prof, 
Herman  L.  Fairchild,  that  "the  initial  gathering  of  the  Socie^,  with 
representatives  from  different  places,  was  held  at  Ithaca  on  the  BOgges- 
tion  and  invitation  of  Professor  Williams.  He  certainly  had  immediate 
charge  of  the  arrangemeutB  and  was  thanked  by  name  along  with  the 
trustees  of  the  university,  and  in  the  evening  he  and  Mrs,  Williams  re- 
ceived the  fellows  of  the  university  at  their  residence."  * 

Professor  Williams  was  also  the  founder  of  the  Society  of  the  Sigma  Xi. 

"The  flue  Hclentiflo  spirit  of  Benry  Shaler  Williams  shows  Ibielf  nowbere 
more  poteDtly  tban  In  his  connection  wltb  the  Society  of  the  Sigma  XI.  Here 
be  wan  truly  a  pioneer,  a  mlsslonarj',  and  a  prophet  His  sense  of  the  nobllltj 
and  majesty  of  science,  of  Its  deeper  philosophical  slgnlflcance,  and  of  its 
proper  place  In  the  higher  education  became  manlfesL 

"What  the  society  would  have  become  but  for  his  Influence  we  know  not; 
but  that  It  would  have  been  very  different  from  the  Sigma  XI  today  Is  certain. 
The  little  group  at  Cornell,  who  In  1885  and  1886  were  planning  for  Its  eatab- 
^  Uahment,  were  engineering  students.  They  had  In  mind  an  honorary  society 
for  engineering  student!'.  He  persuaded  them  to  build  upon  a  broader  founda- 
tion :  to  Include  pure  nclence  without  excluding  Its  applications.  Thus  there 
came  Into  existence,  largely  through  his  labors,  which  extended  over  many 
years,  a  Pht  Beta  Kappa  for  science,  but  with  new  Ideals  and  broader  fanc- 

"In  his  conception.  Sigma  XI  was  to  stand  for  three  Important  things,  not 
even  yet  fully  realized  after  more  than  thirty  years,  but  In  process  of  realiza- 
tion: (1)  The  recognition  of  scholarship  and  science,  even  as  scholarship  bad 
long  been  recognized  In  the  humanities.  (2)  The  establishment  of  a  new  cri- 
terion of  fitness,  more  subtle  and  stgnlScant  than  tbe  old  standard  of  marks 
or  class  standings — thnt  Is.  the  promise  of  achievement  In  research.  (3)  Tl»e 
linking  together  of  the  great  family  of  sciences  through  an  organlEstlon  of  tbe 
workers  In  all  departments  of  research,  so  that  the  sundering  and  estrange- 
ment due  to  modem  specialization  might  be  ameliorated  and  sympathy  antl 
cooperation  fostered."  ■ 

Respected  by  those  who  knew  him,  blest  with  loyal  friends,  mccessful 
in  the  chosen  profession  which  he  loved,  enabled  almost  to  the  day  of  hie 
death  to  do  a  work  which  waa  a  constant  joy  to  him.  Professor  Williams 
leaves  an  indelible  record  of  his  achievements  in  a  great  science  in  which 
great  men  have  worked  and  will  work  for  generations  to  come. 
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HEHOHIAL   OF  SAMUEL   WENDELL   WILL18T0N  ' 
BT   HENBT  PAIBPIELD   OBBOBN 

Samuel  Wendell  WiUiston,  onr  distinguished  senior  colleague  in  verte- 
brate psleontolog;,  passed  away  Angnst  30,  1918,  honored  and  beloved 
by  all  who  koew  him.  Our  admiration  for  his  character  and  achieve- 
ments is  enhanced  through  a  perusal  of  his  personal  recollections*  of  his 
career,  which  reveal  long  struggles  toward  scientific  attainment,  lofty 
ideals  of  exploration  and  research,  and  an  unfaltering  determination.  In 
the  opening  pages  of  his  reminiscences  he  writes : 

"As  the  oldest  livlag  studeut  of  vertebrate  fossils  la  America  and  one  of  tbe 
oldest  In  the  world,  friends  have  urged  me  to  write  some  of  mj  recollections. 
Not  that  I  sm  so  very  old,  but  because  there  were  so  few  vertebrate  paleoD- 
tologlsts  In  the  dajs  when  I  flrat  became  Interested  In  the  Rubject — only  I«ld7, 
Cope,  Marsh,  and  a  few  other  lesser  lights  Id  America.  Nor  were  there  more 
than  a  dozen  others  in  all  the  world,  of  whom  Sir  Richard  Owen  whb  the  chief, 
who  had  published  much  shout  extinct  re>lebretes.  It  has  never  seemed  to 
me  that  there  was  much  of  Interest  that  T  could  say  about  mfself.  nor  very 
much  about  the  pioneers  In  paleontology  that  I  could  tell.  I  begin  to  feel  that 
there  are  not  many  more  years  of  work  before  me,  and  to  regret  that  I  hare 
not  accomplished  more.  .  .  .  But  the  way  has  often  been  hard,  and  I  am 
thankful  to  be  spared  so  long  and  to  have  done  what  I  have." 

And  again,  in  closing : 

"My  life,  as  I  look  back  on  It,  has  bad  many  discouragements  and  many 
pleasures.  I  have  made  many  mistakes,  as  I  now  can  see,  and  T  have  not 
accomplished  what  I  might  have  done.  If  I  may  ezteonste  my  views,  I  will 
say  that  for  a  country  boy,  with  but  little  help  and  wholly  without  influence, 
the  road  to  success  Is  very  hard.  .  .  .  Perhaps  for  me  experience  wan  the 
best  teacher,  and  an  easy  path  in  youth  might  have  caused  failure.  But  It 
was  hard,  and  I  have  more  than  once  been  discouraged.  I  have  drifted  along 
somehow,  with  one  underlying  ambition — to  team.  My  plans  and  ambltiona 
may  seem  fickle,  first  as  an  engineer,  next  as  a  physician,  as  a  chemist,  ento- 
mologist, paleontologist  I  have  tried  various  things,  when  one  of  them, 
steadily  pursued,  would  have  been  better.  In  reality  there  was  only  one  ambi- 
tion— to  do  retearch  work  in  adenee.  And  I  have  realized  that  ambition  in  a 
measure.  I  have  pahllshed  about  300  books  and  papers,  totaling  about  4.000 
pages.  But  the  chief  satisfaction  that  I  And  now  In  looking  back  over  my  life 
is  that  I  have  been  the  means,  to  some  extent  at  least,  of  asfllRtlng  not  a  few 
young  men  to  success  In  medicine  and  In  science." 

Like  all  men  of  science  who  have  risen  to  distinction,  Williston  was 
self-made,  the  impulses  all  coming  from  within ;  yet  he  was  instinctively 


>  AbBtreit  ot  arllclp.  JournsI  of  Geotogy.  November-Detembor,  1918. 
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alert  to  seize  every  chance  to  leara  and  to  expand  bia  horizon.  We  can 
not  imagine  a  life  story  more  helpfnl  than  hia  to  the  youth  prediBposed 
to  science  vho  has  both  to  discover  his  own  talent  and  to  explore  every 
avenue  of  opportunity  which  presents  itself. 

WilliatoD  waa  bom  in  Soxbury,  now  a  part  of  Boston,  July  10,  1S52. 
"The  Williston  family,"  he  writes,  "has  been  traced  back  to  about  1650 
in  Massachusetts;  they  were  about  the  usual  run  of  common  people,  no 
one  famous -or  even  not«d,  whether  for  good  or  evil.  .  .  .  Some  of 
them  served  in  the  War  of  the  Bevolution  and  many  were  fishermen." 
Flis  father  was  bom  in  Maine,  and  he  remarks  of  this  branch  of  the 
family  that  "they  knew  little  of  schools.  My  father,  if  he  ever  went  to 
school,  did  not  take  kindly  to  study,  for  he  never  learned  to  read  or 
write.  ...  It  was  a  great  pity,  too,  for  my  father  was  a  man  of  far 
more  than  ordinary  ability  as  a  mechanic — he  was  noted  always  for  his 
skill.  ...  Of  all  his  children  I  resembled  him  the  most,  both  physi- 
cally and  mentally."  His  mother  was  from  England,  having  come  with 
her  parents  to  New  Jersey  about  1812.  She  had  a  fair  common-school 
education,  and  the  effects  of  her  early  English  training  and  her  accent 
remained  through  life. 

The  intellectual  and  social  environment  of  Roxbury  probably  never 
would  have  produced  a  geologist  or  a  paleontologist,  and  while  the  next 
step  in  Williston's  life  was  hard,  yet  it  was  propitious,  as  the  events 
proved: 

"In  the  sprlnK  ot  1867  my  parents  decided  to  emigrate  to  KanssR.  A  colon; 
had  left  tbe  year  before  for  Manhattan,  and  the  letters  tbat  came  Itack  had 
Infected  many  with  the  desire  to  go  West  .  .  .  The  abolitionists  were  urg- 
ing eastern  pe<^le  to  colonize  the  territory  In  order  to  help  John  Brown  pre- 
serve It  to  the  'Free  States.'  .  .  .  The  trip  was  long  and  tedious  hy  rail  to 
Saint  LonU,  then  a  small  place,  and  thence  bj  steamboat  up  the  Missouri  River 
to  I^eavenworth.  There  was  no  Kansas  City  then.  We  reached  T^eaveuwortb 
about  the  twentieth  ot  May.  Here  we  remained  a  few  days  In  a  very  small 
hotel,  while  my  father  bought  a  yoke  of  oxen  and  a  wagon  and  such  provisions 
■nd  household  things  as  were  Indispensable,  and  we  started  on  the  stow  and 
tedious  drive  of  IIB  miles  to  Manhattan  through  a  country  but  very  sparsely 
nettled.  For  the  most  part  we  children  rode  In  the  covered  wagon,  while  my 
father  and  cousin  walked  and  drove  the  oxen." 

In  a  small  single  room,  with  a  loft,  in  a  log  cabin  about  fifteen  feet 
square,  the  family  was  brought  up.  The  four  boys  slept  in  the  loft  above. 
The  Potawatomie  Indians  had  a  village  in  the  immediate  vicinity.  The 
first  building  erected  in  the  new  town  was  the  stone  school-house,  to 
which  books  were  supplied  by  the  Emigrant  Aid  Society.  At  the  age  of 
seven  young  Williston  made  his  first  collection  of  fossil  shells  from  de- 


)vGoo<^lc 


68         FROCEEDIMOS  OF  THE  BALTIMORE  MEETING 

posits  since  determined  as  belonging  to  the  Lover  Pennian.  Following 
school,  he  entered  the  State  Agricultural  College  in  1866.  At  tJie  age  of 
fifteen  he  came  under  the  rare  influence  of  Prof.  Benjamin  F.  Mudge, 
who  loaned  him  a  copy  of  Lyell's  Antiquity  of  Man.  Profesaor  Mudge 
conducted  all  the  courses  in  natural  history,  and  through  his  splemhd 
character  and  example  exerted  a  great  influence  on  young  Willistou.  It 
was  quite  by  accident,  however,  that  seven  years  later  Willistnn  was  in- 
cluded in  Professor  Mudge'e  party  to  northwestern  Kansas  (Smoky  Hill 
Valley  Cretaceoas),  where  Professor  Mudge,  already  famous  through  hin 
discovery,  in  1878,  of  a  specimen  of  Ichthyomis,  was  collecting.  He 
writes: 

"We  left  on  tbe  flfth  [July,  18T4].  It  teat  tkU  accidental  and  thnitffhtli** 
decition  thai  led  to  mv  Ufe't  devotion  to  paleontology.  Had  I  not  fcone  witb 
tiim,  tn  all  probability  T  would  today  bare  be»n  a  practitioner  of  medicine 
Bomewbere  In  KansBM.  W«  Joined  Madge  about  the  fonrteentb  and  starto<l 
almost  Immediately  south.  In  a  few  days  I  found  a  good  specimen  of  ptero- 
dactyl and  became  an  putbustastlc  lover  of  the  sport  of  collecting  fossllti — for 
sport  It  seemed  to  me.  I  bad  planned  that  autumn  to  go  lieBt,  If  1  could  bor- 
row B  couple  of  hundred  dollarfi,  to  attend  n  medical  college.  And  so  I  re- 
turned to  Manhattan  by  rail  In  September,  but  did  not  succeed  In  getting  tbe 
necessary  funds.  Mudge  thereupon  asked  me  to  return,  which  I  did  about  the 
first  of  October,  and  remained  until  we  returned  In  November.  ,  .  ,  For  my 
seaaou's  work  Mudgp  paid  me  |25.  which  bought  me  a  suit  of  clothes  and  othpr 
things  badly  needed.  My  total  casta  Income  this  year  was  not  more  than  V^- 
It  was  the  hardest  year  of  my  life.  My  board  I  worked  for  in  part,  in  part  I 
had  It  paid  for  by  my  parents,  but  I  did  not  have  a  second  whole  Rblrt,  and 
when  I  gave  my  address  I  had  to  borrow  clothes  to  wear,  for  my  clothes  were 
ragged  and  patched. 

"Times  now  began  to  Improve.  Professor  Marsh  and  Professor  Cope,  as  In 
welt  known,  were  rivals  and  very  Jealous  of  each  other.  They  had  l)een  quar- 
reling with  each  other  for  two  or  three  years,  with  mutual  criminations  nrnl 
reerimlnations.  Because  of  the  dl»coverteH  Marsh  whs  making  In  tbe  Creta- 
ceous of  KanMax,  Co|>e  grew  eager  to  partlclpatt  In  them,  but  could  find  no  one 
to  undertake  these  collections,  for  Marsh  was  afraid  to  have  too  many  learn 
abont  tbe  region  for  fear  that  Cope  would  seduce  sume  of  tbe  assistants  by  tbe 
offer  of  higher  pay.  He  therefore  instructed  Mudge  to  retain  bis  asslHtnuts 
of  the  provlouM  summer.  Hroun  and  I  were  eiiiiaged  for  tlie  following  seaKOD 
at  J.T5  a  month  and  our  expenses.  We  aceciited  the  offer  gladly  and  started 
for  the  field  overland  Id  early  March,  meeting  Mudge  at  Ellis,  on  the  railroad. 
We  stipulated  that  I  should  <|ult  In  September  to  allow  medical  lectures.  .  .  . 

"We  eotlei-ted  chiefly  along  the  Smoky  Hill  Valley  that  season,  as  far  wert 
as  Fort  Wallace,  and  got  many  valualite  Bi>ecimeh.s.  ...  By  Marsh's  direc- 
tions, each  had  signe*!  his  name  to  tbe  sperimens  he  bad  collected.  Perhaps 
that  was  the  reacon  be  Inrlted  me  In  February  lo  come  to  New  Haven.  I 
promptly  accei)te<l  bis  invitation  and  sold  my  watch  and  Iwrrowed  enough  to 
take  me  there  In  March.    ...    It  was  thus  with  feelings  almost  of  awe  that 
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[  met  Profewor  Mareb  for  tbe  tint  time  at  New  Haven.  Counectlcnt,  on  Murch 
19  or  20, 18T0.  My  beart  was  In  my  mouth  wbea  I  knocked  at  the  haitement 
door  of  the  old  Treasury  Building  and  heard  the  not  very  pleasant  Invitation 
to  '(Vine  In,'  There  was  a  frown  on  Marsh's  face,  accentuated  by  his  near- 
t^etaledoem,  n^  he  waited  for  me  to  state  my  business.  No  doubt  he  thought 
Be  a  wild  and  woolly  westerner,  In  my  mllltaty  cloak,  slouch  hat,  and  cowboy 
kiolfu  IS  I  atammered  my  name.  But  he  quickly  made  me  feel  more  at  ease. 
He  fonnd  me  quarters  tn  a  little  building  In  the  rear  of  Peabody  Muaeum,  then 
approaching  completion.  The  next  day  he  aet  me  at  work  studying  bird  shele- 
tixu  with  Owen'a  Cotnparattve  Anatomn  as  a  guide.  He  was  then  deeply  Inter- 
Mted  In  his  OdontomitheM  and  wanted  newer  spet^meus,  especially  of  tbe 
nnaller  forma,  wblcdi  were  yery  difficult  to  find  In  the  Kansas  chalk.  For 
recreation  I  belped  a  few  hours  every  day  to  carry  trays  of  fossils  to  tbe 
muspum." 

Wtlliston  was  now  twenty-four  years  of  age.  Vertebrate  paleontology 
hul  become  his  first  love,  but  he  had  leanings  toward  human  anatomy 
in<t  medicine  and  entomology,  first  as  an  avocation  and  then  as  a  voca- 
tjuu.  He  was  afforded  no  independent  opportunities  for  paleontological 
meirch  and  publication  by  Professor  Marsh.  In  the  summer  seasons  of 
1^T6  and  1877  he  collected  with  Professor  Mudge  in  the  Cretaceous  chalk 
'if  Kansas.  In  1877  he  vwas  sent  by  Professor  Marsh  to  the  Morrison, 
I'anyon  City,  and  Como  quarries  to  cooperate  with  Professors  Lakes  and 
ICudfie  and  Mr.  Reed  in  taking  out  the  types  of  AtlantosaiOTU,  Diplo- 
dwuf,  and  other  saoropods.  In  Professor  Marsh's  laboratory  Willieton 
•nrked  on  the  dinosaurs.  In  the  field  in  1878  he  helped  to  collect  the 
"Jaraasic  mammals"  and  some  of  the  smaller  dinosaurs.  For  nine  years 
lis;^1885)  he  worked  in  Professor  Marsh's  laboratory,  where  he  became 
(Wly  associated  with  Marsh'a  other  assistants,  especially  Harger  and 
Biar.  who  influenced  him  greatly  and  for  whom  he  had  great  admiration. 
Re  wrote  a  biographic  note  on  Harger  in  1887,  which  gives  some  inter- 
K\a%  side  lights  on  the  relations  of  Professor  Marsh  to  his  assistants. 
In  1S78  he  published  a  brief  communication  on  American  Jurassic  dino- 
twas  in  the  Transactions  of  the  Kansas  Academy  of  Sciences ;  but  he  had 
I'TT  little  opportunity  for  further  publication  in  vertebrate  paleontology 
•j  long  as  he  was  in  New  Haven.  This  led  to  the  renewal  of  his  medical 
■ttiilies. 

miile  acting  as  assistant  in  paleontology  he  studied  medicine  at  Yale, 
received  the  degree  of  .M.  D.  in  1880,  continued  his  postgraduate  studies, 
Mil  received  the  degree  of  Ph.  D,  at  Yale  in  1885.  He  then  became 
liemoDstrator  of  anatomy  (1885-1886)  and  professor  of  anatomy  (1886- 
IH90)  at  Yale  and  practiced  medicine  in  New  Haven,  where  he  was 
bnlth  ofBcer  in  1888-1890. 

In  1886  he  published  some  criticisms  of  Koken's  work  on  Omitho- 
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cheinu  kUsensia,  which  give  us  some  hint  of  his  abiding  interest  in  Kan- 
sas fossil  reptiles,  an  interest  which  was  soon  to  bring  great  results. 

The  turning  point  in  his  scientific  career,  from  anatomy  and  medicine 
to  paleontology,  came  at  the  age  of  thirty-eight,  when  he  returned  to  the 
University  of  Eansas  as  Professor  of  Qeology.  Eanaas  was  the  scene  of 
his  first  inspiration  in  paleontology,  and  here  his  fossil  studies  and  vigor- 
ous health  marked  the  happiest  period  of  his  life.  He  taught  boOi  verte- 
brate and  invertebrate  paleontology,  anatomy,  and  medicine,  and  several 
of  his  students  have  achieved  distinction  in  these  fields.*  With  respect 
to  the  breadth  of  bis  studies  and  of  his  influence  at  this  time,  his  life  was 
comparable  only  to  that  of  Joseph  Leidy,  who,  it  will  be  recalled,  was  at 
once  an  anatomist,  a  physician,  a  paleontologist,  and  a  microscopist  of 
distinction.  He  soon  began  to  publish  studies  on  the  Cretaceous  reptiles 
of  Kansas.  Henceforth  Kansas  plesiosaurs  and  turtles,  mosasaurs  and 
pterodactyls,  were  the  subjects  of  a  long  list  of  papers,  mostly  in  the 
Kansas  University  Qvarterly,  from  1890  to  1899,  with  occasional  artidee 
on  Kansas  fossil  mammals  {Plalygonus,  Aceratherium,  Teleoceras  fos- 
siger).  Meanwhile  he  made  many  explorations  of  the  Cretaceous  of 
Kansas  for  fossil  reptiles.  / 

At  Kansas  TJDiversity  Williston  also  kept  up  his  two  avocations  of 
anatomy  and  dipterologj;  he  served  as  professor  of  anatomy  and  dean 
of  the  medical  school.  He  also  continued  to  publish  many  papers  od 
recent  Diptera.  He  accomplished  a  great  work  on  this  group  and  became 
the  leading  dipterologist  of  the  United  States.  His  studies  culminated 
in  the  preparation  of  his  Manvai  of  North  American  Diptera — a  book 
which  is  indispensable  to  a  beginner  in  dipterology  and  a  very  great  con- 
venience to  advanced  workers.  His  collection  of  Diptera  from  the  United 
States  and  Canada  is  now  in  the  University  of  Kansas ;  the  remainder  of 
his  collection,  including  much  of  the  valuable  material  which  he  had 
brought  together  while  writing  the  volumes  on  Diptera  in  the  Bioloijia 
Centrali- Americana,  is  in  the  American  Museum  of  Natural  History. 


Williston's  paleontologic  contributions  on  the  Cretaceous  fauna  of 
Kansas  began  in  1879,  with  a  short  paper  entitled  "Are  birds  derived 
from  dinosaurs?"  and  included  fifty-three  communications,  chiefly  to  the 

•  Araang  tbete  palraatologlc  atud^nls.  wbo  haTc  slim  bpcome  known  for  tbeli  re- 
MRfcbea,  were :  E,  C.  Case,  C.  B,  HcCIiing,  Ro;  L.  Moodle,  HermND  Doatbltt.  Alban 
awwirt.  Elmer  S.  Rlui,  Bunnm  Brown,  U.  O.  Hcbl,  B.  B.  Bnnaoa.  and  B.  H.  a«llird«. 

•Tbese  DotM  on  WllllsIon'B  work  od  (oull  reptilei  and  amphlblaoB  bave  beeo  pre- 
pared la  coltaboratloD  with  Prof.  W.  K.  Oregorj  o(  the  Amerl<»n  Hduudi  ot  Natnnl 
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Eansaa  Academy  of  Science,  the  Kansas  Vniversity  Quarterly,  and  the 
UiuTereity  Geologicid  Survey  of  KanBaa;  aleo  three  Tolnmea  oa  the  Cr^ 
taceous  Fishea,  in  cooperation  with  Alban  Stewart;  and  Paleontology 
{Upper  Cretaceous),  Part  I,  Volume  IV,  of  the  tJniveraity  Qeological 
Survey,  which  was  chiefly  prepared  by  WilliBton,  with  the  asBiBtance  of 
his  studentfrr-Adams,  Case,  and  McClung — and  is  a  thorough  review  of 
the  geology  and  marine  fauna  of  the  Cretaceous  seaa,  containing  the  first 
dear  distinctions  and  restorationa  of  the  great  Kansas  mosasanrs — Clt- 
iaitee,  Flatecarpus,  and  Tyloaaurus.  This  work  became  the  standard  for 
*U  subsequent  researches  of  Osbom,  Wieland,  and  others  on  the  Creta- 
ceous fauna.  It  contains  some  admirable  restorations  of  mosasaurs  and 
other  foBsils  which  may  be  compared  with  those  of  DoUo  from  the  Maes- 
trichtian  of  Belgium.  The  second  part,  Volume  VI,  of  the  University 
Geological  Surrey,  covering  the  Carboniferous  and  Cretaceous,  published 
in  1900,  included  the  Cretaceous  fishes,  alluded  to  above,  and  the  Carbon- 
iferous invertebrates,  by  Joshua  W,  Beede, 

In  1897  Williston  published  his  first  paper  on  Paleozoic  tetrapods — a 
brief  description  of  "A  new  Labyrinthodont  from  the  Kansas  Cartwn- 
iferoos";  his  second  was  on  the  "Coraco-Scapula  of  Eryops  Cope,"  in 
1899 ;  but  nearly  a  decade  elapsed  before  the  Paleozoic  reptiles  and  am- 
phibians became  his  chief  subject.  IFrom  1S9?  to  1902  he  was  engaged 
chiefly  on  his  series  of  papers  on  fossil  vertebrates  of  Kansas  for  the 
CniveTsity  Geological  Survey  of  Kansas. 

Williston  concluded  his  studies  of  the  Cretaceous  fauna  during  the 
early  years  of  his  professorship  in  Chicago,  beginning  in  1908.  Thus  his 
■ork  on  the  Kansas  Cretaceous  fauna,  following  the  very  disjointed  con- 
tributions of  Leidy,  Marsh,  and  Cope,  based  on  inferior  material,  marks 
the  turning  point  in  this  field  to  the.  new  order  of  description  and  gener- 
alization based  on  complete  material,  including  even  the  skin  impressions 
of  several  great  mosasaurs.  In  his  observations  on  the  mosasaurs,  plesio- 
»iirs,  pterodactyls  and  marine  turtles,  and  the  birds  with  t«eth,  Odon- 
lomithes,  he  placed  the  osteology  of  these  several  animals  on  a  much  more 
secure  basis,  adding  a  number  of  new  generic  types,  such  as  a  short-necked 
pksiosaur,  Dolichorkynchops  osbomi. 

His  interpretation  of  function  and  habit  is  shown  in  his  restorations  of 
ill  these  types,  and  his  first  observations  on  the  feeding  habits  of  the 
plesiosanrs  and  his  more  mature  views  on  several  of  these  animals  were 
pabtisbed  during  his  sojourn  in  the  University  of  Chicago,  namely,  "Se- 
litionships  and  habits  of  the  mosaaaurs,"  Journal  of  Geology,  1904; 
"^orth  American  Plesiosaurs,"  1903,  1906,  1907.  His  first  contribution 
to  the  phylogeny  and  classification  of  the  Reptilia  as  a  whole  appeared  in 
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1905  and  woa  foUoved  by  hie  important  discussion  of  this  subject  entitled 
"The  pbylogeny  and  classification  of  reptiles,"  Journal  of  Oeology,  Au- 
gust, 1917.  In  this  article,  which  ezpresseB  his  mature  opinions,  he  de- 
parted from  his  previous  conservative  attitude  toward  classification  and 
proposed  to  add  two  Bubclassee  of  reptiles,  the  Anapsida  and  Parapeida, 
to  the  subclasses  previously  proposed  by  Osborn,  namely,  the  Synapaida 
and  the  Diapsida,  making  a  fourfold  grand  division  of  the  Reptilia. 
Doubtless  it  was  Williston's  intention  to  fortify  this  system  of  cUasifica- 
tioii  in  his  forthcoming  general  work  on  the  Beptilia. 

WORK    ON    PEIMITIVE   AUPHIBIAMS    AND   BEITILES  * 

III  1902,  at  the  age  of  fifty,  Williston  was  called  to  the  TJuiversity  of 
Chicago  as  head  of  the  new  department  of  vertebrate  paleontology — a 
ebair  which  he  occupied  with  great  distinction  and  with  continued  influ- 
ence for  the  remaining  sixteen  years  of  his  life.  He  now  began  to  coq- 
centrate  liis  attention  more  exclusively  on  vertebrate  paleontology.  Dur- 
ing the  first  six  years  he  continued  his  studies  and  publications  on  the 
Cretaceous  reptiles;  then  he  began  to  turn  toward  the  study  of  far  more 
difficult  and  obscure  problems,  namely,  the  relatively  primitive  amphib- 
ians and  reptilian  life  of  the  Permian,  where  in  several  groups  he  marked 
the  beginuings  of  fJie  higher  forms  which  he  had  previously  studied,  as 
well  as  the  adaptive  radiation  of  the  lower  forms  to  a  great  variety  of 
habits  and  habitats. 

Prof.  B.  C.  Case,  now  of  the  University  of  Michigan,  who  was  one  of 
Williston's  students  at  the  University  of  Kansas,  had  cooperated  with  the 
late  Prof.  Oeorg  Baur  at  the  University  of  Chicago  in  the  study  of  IHmt- 
trodon  and  other  Permian  reptiles  and  had  collected  for  that  university  a 
number  of  important  types  of  pelycosaurs  and  cotylosaurs.  After  Baur's 
untimely  death,  Case  continued  to  collect  and  study  the  Pennian  reptiles 
and  amphibians  of  Texas  and  other  States,  tinaily  issuing  his  well  known 
Carnegie  Institution  monographic  revisions  of  the  Pelycosauria  and 
Cotylosauria,  in  which  he  revised  and  extended  Cope's  work  on  these 
animals  and  figured  the  types  and  other  importent  specimens  in  the 
American  Museum  of  Natural  History,  in  the  University  of  Chicago,  and 
elsewhere.  Thus  Cope,  Baur,  Case,  and  Broili  had  opened  and  partly 
explored  an  important  field  of  work  which  Williston  had  long  desired  to 
enter. 

Accordingly,  in  1907  and  1908,  Williston  began  to  publish  on  this  sub- 
ject, which  occupied  most  of  the  closing  decade  of  his  life  and  constituted 
perhaps  his  greatest  contribution  to  science.    It  is  pleasant  to  record  that 

'  Spe  foolnote,  p.  TO. 
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WUlistoD  and  Case  at  all  times  fully  and  cordially  cooperated  with  each 
other  in  the  study  of  Permian  reptiles  and  amphibians.  In  1908  he  pub- 
liehed  an  important  but  brief  paper  on  the  Cotyloeauria,  containing  a 
description  of  the  skeleton  of  Labidosaurus  mdsivns.  In  the  same  year 
ilr.  Paul  C.  Miller,  of  the  American  Museum  of  Natural  Historj',  a  col- 
lector and  preparator  of  high  rank,  became  Professor  Williston's  assistant 
at  Chicago,  and  under  his  direction  began  a  long  aeries  of  explorations  in 
the  Texas  Permian,  which  have  yielded  results  of  the  greatest  importance 
to  vertebrate  morphology  and  palefHitology.  During  the  next  decade 
these  expeditions  brought  back  to  the  university  a  great  number  of  speci- 
mens, some  of  which  will  become  more  and  more  famous  as  their  great 
importance  is  gradually  realized.  More  or  less  complete  skeletons  were 
discovered,  extricated  with  great  skill,  and  admirably  described  in  a  long 
fleries  of  publications.  Among  the  more  important  of  the  new  or  little 
known  skeletons  were  the  following,  which,  to  students  of  the  early  evolu- 
ti<m  of  the  skeleton  of  vertebrates,  will  ever  stand  ae  important  types : 

Pariottchut  laUcep*  WllIlstCHi 
Trenatopt  mUleri  Wtlliston 
Jneetceli*  ffraciUa  Wllllston 
Seiftnouria  bavlorentii  Broill 
Catea  broiUi  Wllllston 
Mticterotaurvs  longicepi  Wllllston 
Trimerorhacht*  inMgnii  Gcqie 
Varanonunu  breviroairit  Wlltlston 
OpMac«doN  miria  Marsh 

These  were  only  the  more  conspicuous  of  the  many  priceless  specimens 
which  Wiiliston  and  Miller  have  brought  to  light,  and  which  the  former 
has  described  and  figured  with  the  most  painstaking  care  and  accuracy. 
This  material  also  enabled  Wiiliston  to  give  definite  and  in  many  cases 
final  figures  of  the  sutural  limits  of  the  elements  of  the  skull  in  most  of 
these  genera.  Many  investigators  had  attempted  to  do  this  from  less 
extensive  and  complete  material,  but  their  results  were  often  uneertaln 
in  detail  and  subject  to  important  changes  and  corrections. 

In  1911  he  published  from  the  University  of  Chicago  press  his  volume, 
American  Permian  Verfebraies,  which  comprises  a  series  of  monographic 
studies  on  some  of  the  genera  already  noted,  ■  This  work  contains  many 
new  and  original  plates.  Careful  and  extensive  definitions  are  given  of 
the  orders  Temnospondyla,  Cotylosauria,  Theromorpha,  and  of  the  in- 
cluded families  and  genera.  In  the  same  year,  by  invitation  of  Professor 
Schuchert,  Wiiliston  examined  and  described  the  important  collection  of 
Permian  reptiles  which  Mr.  Baldwin  had  collected  .for  Professor  Marsh 
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betveen  1877  and  1880,  but  which  had  never  been  thoroughly  studied. 
Among  other  important  results  of  this  research  was  the  erection  of  a  new 
family  of  cotyloeaure,  the  Limnoecelids,  to  include  the  skeleton  of 
Limnoscelia  paludig  Williston.  In  191S  he  published,  in  collabor&tioti 
vith  Professor  Case,  a  paper  on  the  "Permo^arboniferoos  of  northern 
New  Mexico,"  in  the  Journal  of  Geology;  he  alao  published  a  general 
review  of  primitive  reptiles  in  the  JottmoZ  of  Morphology.  In  1913  ap- 
peared a  memoir,  in  collaboration  with  Caae  and  Mehl,  on  Permo-Car- 
boniferous  Vertebrates  from  New  Mexico.  The  same  year  saw  the  publi- 
cation of  his  important  papers  on  the  primitive  structure  of  the  mandible 
in  amphibians  and  reptiles  and  on  the  skulls  of  ArtEotcelis  and  Casea. 
The  close  resemblance  of  ArcB03celis  to  the  Squamata,  especially  in  the 
temporal  region,  was  noted. 

Early  in  1914  came  the  publication  on  BroUiellus^  one  of  Cope's 
"batrachian  annadillos,"  and  the  fuller  description  of  the  osteology  of 
Araoscelia,  with  a  discussion  of  the  relationships  of  ArcEoscelis,  the  Pro- 
torosauria,  and  the  Squamata.  He  then  referred  Araoscelia  to  the 
Protorosauria  and  placed  this  order  next  to  the  Squamata.  In  the  same 
year  he  published  a  series  of  life  restorations  of  some  American  Penno- 
Carboniferous  reptiles  and  amphibians. 

His  principal  publication  in  1914  was  the  book  on  Water  Reptiles  of 
the  Past  and  Present,  in  which  his  life-work  on  these  animals  was  ad- 
mirably combined  with  the  results  obtained  by  other  workers.  Williston 
had  shown  a  bent  for  the  harmonious  study  of  form  and  function,  of 
structure  and  habit,  of  environment  and  adaptation,  which  he  applied 
witli  skill  and  originality  to  the  interpretation  of  the  highly  diversified 
forms  of  aquatic  life.  He  followed  Eberhard  Fraas,  of  Stuttgart,  in 
making  a  special  study  of  aquatic  adaptations  in  the  vertebrates ;  conse- 
quently hie  book  on  the  water  reptiles  constitutes  one  of  the  most  impor- 
tant contributionB  which  we  have  on  this  subject. 

The  year  1915  produced  his  papers  on  Mycterosaurus,  a  very  interest- 
■  ing  reptile,  that  threw  light  on  the  origin  of  the  diapsid  types,  namely, 
of  reptilen  with  two  arches  at  the  side  of  the  temporal  region  of  the  skull; 
also  on  Trimerorhafhi-K,  perhaps  the  most  archaic  of  the  American  tem- 
nospondyls,  or  amphibia,  with  the  vertcbne  composed  of  several  pieces. 
In  1916  he  published  the  careful  description  of  the  skull  and  skeleton  of 
Pantylus  and  of  Theropleura,  together  with  the  important  discussion  of 
the  origin  of  the  mammalian  and  reptilian  types  of  sternum.  This  paper 
was  followed  hy  the  admirable  Synopsis  of  ike  American  Pcrmo-Car- 
boniferous  Tetrapoda,  in  which  the  principal  types  were  illustrated  and 
careful  definitions  of  the  various  groups  were  given.    In  IfllT  he  began  a 
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general  work  on  the  BeptUes  of  the  World,  Recent  and  Fossil,  on  which 
he  was  actively  engaged  up  to  hie  last  illness;  also  the  publication  of  hia 
papers  on  Edaphosaaru»,  on  the  atlas-axis  complex  of  reptiles,  and, 
eqnally  important,  his  brief  paper  on  the  "Fbylogeny  and  classification 
of  reptiles/'  previously  mentioned.  During  the  last  two  years  of  hia  life 
he  was  also  preparing  a  paper  on  new  Permian  reptiles. 

In  summing  up  hia  life-work,  "I  like,"  saya  Doctor  Gregory,"  "to  em- 
phasize the  general  features  in  which  Williston  was  really  preeminent, 
namely:  (1)  Discovery  of  new  material — Cretaceous  Bepttlia,  Permian 
Tetrapoda,  and  Diptera;  (3)  conscientious  and  precise  description  of 
these;  (3)  eminently  conservative  synthesis  of  facta,  so  as  to  work  out  a 
(Treat  and  enduring  record  of  Cretaceous  and  Permian  reptiles ;  ( 4 )  in- 
tensive and  successful  specialization  in  several  distinct  lines  of  research 
and  teaching." 

It  is  a  matter  of  the  deepest  regret  to  all  of  Williston's  colleagues  in 
paleontology  that  he  did  not  live  to  complete  his  great  comparative  work 
on  the  Beptilia,  which  would  have  summed  up  all  his  researches  and  ob- 
servations and  the  facts  store  d  in  his  mind  which  have  never  found  their 
way  into  print.  As  an  investigator  he  combined  in  an  exceptional  degreb 
anatomic  accuracy  in  detail  with  breadth  of  vision  and  power  of  analysis. 
His  associates  in  the  special  field  of  Permian  research  considered  his 
opinion  as  a  homologist  weighty.  A  committee  was  formed,  chiefly  com- 
posed of  Americans,  of  which  Williston  was  senior,  to  endeavor  to  estab- 
lish the  di£BcuIt  and  intricate  questions  of  homology  and  to  base  on  thlB 
an  enduring  terminology  to  replace  the  confusing  whirlpool  of  names  for 
certain  skull  bones  which  have  accumulated  since  the  time  of  Cuvier. 

A  few  of  the  more  general  features  of  Williston's  life-work  and  char- 
acter are  as  follows :  He  strove  arduously  through  forty  years  of  invest!- 
^tion  to  discover  new  material  in  the  field  and  to  widen  our  basis  of 
facts  in  several  distinct  lines  of  investigation;  he  preferred  to  discover 
new  facts  rather  than  to  reinterpret  older  ones  or  to  adjust  the  interrela- 
tions of  facts;  in  general,  his  material  was  notably  of  his  own  finding. 
Nevertheless,  especially  in  his  late  years,  he  labored  very  successfully  to 
classify  and  synthetize  his  material,  and  with  it  that  which  had  been 
treated  by  other  workers.  Here  his  genial  personal  character  and  ad- 
mirable relations  with  his  colleagues  shone  forth;  he  was  singularly 
appreciative  of  the  work  of  other  men  and  ready  to  adopt  whatever  he 
believed  to  be  solid  and  enduring  in  previous  attempts  at  classification. 
Thus  Williston's  work  stands  in  contrast  with  that  of  Cope  and  Marsh, 
whose  personal  differences  of  opinion  led  to  the  setting  up  of  two  entirely 

■  Be«  footnote,  p.  70. 
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ifiHtiiict  systems  of  classification  as  well  as  of  nomenclature,  irrespectiTe 
both  of  priority  and  of  merit. 

Williston's  keen,  broad  knowledge  of  human  anatomy,  of  the  miucle» 
as  well  as  of  the  bones,  doubtless  aided  his  penetrating  insight  into  the 
habits  of  the  extinct  animals,  and  while  generally  conservative  and  cau- 
tious his  phylogenetic  studies  and  suggestions  were  of  high  value.  His 
views  on  taxonomic  standards'  and  on  college  and  high-school  education* 
were,  liite  his  views  on  paleontologic  problems,  characteristically  sober, 
moderate,  and  well  considered,  lighted  up  in  their  expression  with  his 
genial,  half-humorous  manner.  He  was  ready  to  confess  and  appraise 
defects  or  faults  on  his  own  side,  but  quick  to  resent  exaggerated  accusa- 
tions and  criticisms  from  the  other  side. 

His  friends  and  colleagues  met  him  last  at  the  Pittsburgh  meeting  of 
the  Paleontologieal  Society  of  America,  December  30,  1917,  and  enjoyed 
a  few  of  his  short  and  characteriBticaliy  enthusiastic  communications  and 
discussions.  With  Doctor  Holland,  myself,  and  many  other  warm  friends, 
he  stayed  the  Old  Year  out  and  saw  the  New  Year  in  at  the  Society 
smoker.  He  returned  home  quite  suddenly,  and  this  was  the  laat  occasion 
on  which  we  were  privileged  to  enjoy  his  genial  presence,  his  honioroTiB 
narratives,  and  his  inspiring  influence  in  paleontology. 

REPORT  OF  COMMITTEE  ON  PUBLICATION   OF   MAP  OF  BRAZIL 

The  Committee  on  the  Publication  of  the  Branner  Geological  Map  of 
Brazil  reported  progress,  the  black  and  white  base  plate  being  completed 
antl  the  color  plates  being  well  along  in  preparation.  Work  on  the  map 
has  l>een  unavoidably  delayed  by  conditions  arising  from  the  war  and 
by  other  circumstances. 

The  Photograph  Committee,  subsequent  to  the  meeting,  has  reported 
as  follows: 

KEI-OUT  OF  COMMITTKE  ON'   PHOTOORAPHS 

Tbe  collection  of  phot<wraphB  b^loniiltig  to  the  Society  bas  remained  stored  In 
III.V  offlce.  Room  2209.  New  Interior  Depiirttiient  BuUdlnK.  Wasblni^ton,  where  It 
Iti  conv^ilent  of  aeoess  to  pemons  wisliing  to  examine  tbe  prints.  Tbere  bave 
heeu  no  calls  Tor  It  during  the  pant  yenr  nud  no  acceKHlonn, 

N.  H.  Dabto.n,  Committee. 

There  being  no  new  business  to  transact,  the  Society  then  proceeded  to 
take  up  the  program  of  scientific  papers. 
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TITLES  AXD  ABSTBACTS  OF  PAPERS  PRESENTED  AT  THE  MOHXING  SESSIOK 
AND    DISCl'SSIOXS   THEREON 

oeoLoar  ab  a  babib  of  ciTtzBysHip 

BY  JOBtPB  E.  WOUB 

lAlittract) 

Changing  HMnoinIc  clrcumatanma  In  tbe  United  Staten  are  placing  a  gr<m- 
In^  emphasis  on  tbe  efficient  ntlllsatlon  of  mineral  rettoureeo.  An  effeotlT« 
ontcome  In  this  direction  will  depend  on  a  wIde-Hpread  pnMIe  appreciation  of 
the  tmslc  facts  of  mineral  resource  llmltatonn  and  capahllltlea.  As  these  baste 
tacta  are  drawn  from  the  science  of  geology,  the  altlmate  responsibility  Is 
bere.  Coordinated  effort  on  tbe  part  of  the  geologists  of  the  country,  expressed 
throtigh  tbe  Federal  Geological  Sun'ey,  tbe  State  surveys.  unlTersltles.  mu- 
seoiDB,  and  otber  educational  agencies,  and  through  numerous  contributions 
to  popular  literature,  will  go  far  toward  giving  to  the  average  citizen  a.  more 
effective  basis  of  cltlieoflblp. 

Read  by  title  in  the  absence  of  the  author. 

BOURCBB  AA'D  TBSDEHCIE8  IX  AMEBICAS  QEOLOQY 


(Ahttract) 

In  tbe  reraluatlon  of  general  Ideas  going  farward  at  tbe  present  time,  rang- 
ing from  politics  to  science,  a  question  which  concerns  us  Is  that  relating  to 
the  trend  of  geologic  research.  This  InTolves  a  review  of  the  past  in  order  to 
gain  our  bearings  for  the  future. 

Tbe  foundations  of  geology  were  laid  In  (ireat  Britain  and  France.  At  tbe 
preapnt  time  America  Ik  a  leading  contributor  to  both  geolt^c  fact  and  theory. 
The  mylb  of  Oerman  supremacy  In  science,  which  was  Industriously  cultivated 
up  to  tbe  opening  of  the  world  war,  was  never  true  In  geology,  except  for  a 
time  In  the  divisions  of  mlneralogj-  and  petrology.  In  the  future  Germany 
will  probably  play  a  snbordlnate  rOle  In  the  development  of  geology  In  gpiieral. 

A  knowledge  of  German  baa  generally  been  required  of  all  candldnteu  for 
the  degree  of  Doctor  of  Philosophy.  The  question  should  be  discussed  at  the 
present  time  If  It  would  not  be  wiser  to  permit  tbe  candidate  in  geology  to 
choose  two  languages  from  French,  German,  and  Si>anlsh.  permitting  blm.  If 
he  wishes,  to  avoid  tbe  learning  of  German  and  encouraging  him  to  learn  the 
language  of  a  neighboring  continent,  where  geologists  should  take  their  part 
In  the  development  of  natural  resources. 


Read  by  the  author  from  manuscript. 


■    OEOI.00Y  AB  A  RYSTHETIC 
BT  WAHBEN   D.  SMITH 

(.IftufrarO 
The  Hclentlflc  work  of  the  past  three  hundred  years  has  consisted  of  discov- 
ery and  analysis.    Tbe  time  ts  now  ripe  for  synthesis  of  the  natural  sciences. 
Geology,  though  almost  tbe  youngest  of  these,  is  tbe  logliTat  clearing-house  of 
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such  studies.  The  present  war  hsa  shown  the  protonnd  Inflnence  of  the  vari- 
ous branches  of  geology  on  the  condnct  as  well  as  the  causes  of  wars.  Innu- 
merable and  very  striking  examples  ot  the  materia)  relationship  of  this  adeuce 
to  our  modem  ciTllliatlon  are  well  known.  The  greatest  contribution,  how- 
ever, la  to  phllOBOpby,  through  the  paleontologlsta  on  the  one  hand  and  through 
the  cosmogonlsts  on  the  other,  resulting  In  a  rational  and  opUmietlc  conception 
of  life. 

Read  by  title  in  the  absence  of  the  author. 


{Abstract) 

The  Geological  Survey  has  for  many  years  i^peciallzed  In  certain  sortii  of 
knowledge.  The  occurrence,  origin,  and  distribution  of  raw  materials  have 
been  systematically  studied.  Water  as  a  power  resource  has  been  made  the 
subject  of  Intensive  study  in  the  fleld  and  In  the  office.  Topograpblc  surveying 
had  progressed  as  an  art  and  as  an  engineering  profession  to  a  degree  unex- 
celled In  tbe  world.    Hap-printlng  has  attained  a  similar  high  standard. 

The  Survey,  witb  this  store  of  practical  Information,  was  In  a  position  to 
have  a  viewpoint  broad  enough  to  be  useful  tinder  the  new  conditions  brought 
about  by  the  war.  'nie  Government,  for  example,  underi^ook  to  regulate  the 
expenditure  of  new  capital.  The  Survey  was  called  on  to  decide,  In  eases 
where  proHpectlve  mining  operations  were  Involved,  whether  the  national  In- 
terest JustiSed  such  expenditure.  Many  cases  could  be  decided  from  the  data 
at  hand.    Others  demanded  field  Investlgatiooa,  and  such  were  made. 

The  distribution  and  reserves  of  war  minerals,  their  occurrence  abroad,  tbeir 
relations  In  trade,  the  stimulation  of  domestic  production,  all  became  matters 
of  investigation  and  report  on  short  notice  to  the  war  boards  vitally  concerned- 
One  of  the  first  calls  on  the  trained  personnel  of  the  Survey  was  from  the 
newly  created  Fuel  Administration.  From  the  basis  of  a  personnel  supplying 
yearly  statistics  of  coal  output,  an  organleatlon  was  built  up  which  succes- 
sively supplied  quarterly,  monthly,  and  weekly  statistics  of  the  output  of  coal, 
and  toward  the  end  of  the  war  of  the  dally  movement  of  coal. 

In  the  division  of  Water  Bexources  problems  connected  with  the  develop- 
ment and  distribution  of  power  were  taken  up,  and  efforts  were  made  to  corre- 
late new  industries  with  existing  power  suppllex.  to  connect  plants  In  order  to 
improve  load  factors,  and  properly  to  distribute  fuel. 

Statistics  of  world  production  of  minerals  have  been  gathered  and  the  min- 
eral reserves  of  the  world  estimated.  This  work  has  proved  of  valne  to  the 
Shipping  Board  In  tbe  allocation  of  shipping  and  to  the  General  Staff  in  study- 
ing the  effects  of  the  sblftlng  battle  line.  A  knowledge  ot  the  distribution  of 
mineral  resources  and  the  extent  of  reserves  In  fundamental  as  a  basis  for  a 
aane  peace. 

'  A  noteworthy  contribution  to  the  effective  prosecution  of  the  war  was  the 
coordination  of  the  activities  of  the  large  number  of  governmental  agendea 
dealing  with  minerals  and  mineral  derivatives.    As  a  result  of  the  Survey's 
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IiiltUitir«,  there  was  created  a  Joint  Infonuatloii  Board  on  Minerals  and  Mls- 
Msl  Derlratlves,  on  which  were  represented  more  than  thirty  boards  and 
bDKans. 

Pmblema  of  the  domestic  petroleum  supply  for  war  purposes  received  par- 
tifliltr  attention.  Careful  estimates  of  the  country's  oil  resources  were  made 
bj  oil  and  gas  geologists.  At  the  same  time  exploration  by  drill  was  carefully 
Mowed  and  erery  effort  made  to  extend  assistance.  The  search  for  undla- 
rorered  pools  was  pushed  Wgorously.  Thus,  with  the  cooperation  of  the  Ad- 
BlnMration  of  Indian  Affairs,  it  was  possible,  la  Oklahoma,  by  examinations 
uid  publlcBtioD  before  leasing,  to  cause  drilling  to  be  concentrated  in  places 
wbere  conditions  were  most  favorable  for  large  production. 

in  short,  the  Surrey  has  supplied  necessary  information ;  it  has  carried  on 
inrmtlgatlons  of  various  sorts  to  obtain  specially  needed  information ;  it  has 
eIthi  technical  advice  to  the  Government  In  the  capacity  of  consulting  geolo- 
gist, md  it  has  sQppUed  personnel  to  other  organizations. 

Be&d  by  the  author  from  tnanascript 

illLITASY  COSTKIBUTIOS  OF  CIVILIAN  EKOINEERB 


(Abstract) 

The  original  distinction  between  military  and  civil  engineers  has  gradually 
Iwl  its  force.  Growth  in  civil  engineering  has  resulted,  and  thus  have  arisen 
a  variety  of  engineers  in  the  dvH  service  of  the  Government. 

Coloration  of  the  United  States  Geological  Survey  with  the  Army  In  mill- 
tirr  mapping.  Hemorandnm  snggestlng  a  reserve  corps  of  engineers.  Legis- 
lation of  1916.  Utilization  of  civilian  organizations  in  engineering  work  and 
g  of  engineer  officers  for  military  service  o 


Presented  in  abstract  by  the  author  from  notes. 
mesBSTATiox  OF  asoLoaic  inforuajiok  for  bnoixbbrtno  furpobbb 


(Abstract) 

The  author  first  made  a  summary  statement  regarding  requests  for  certain 
kinds  of  information  on  cantonments  addressed  by  Army  and  Navy  officials  to 
the  rnlted  States  Geological  Survey.  These  requests  were  classified  under 
(our  topics,  as  follows:  (1)  Selection  of  sites,  (2)  nature  of  foundations.  (3) 
BSterial  for  highway  construction,  <4)  water  supply. 

Tlie  services  a  geologist  may  render  in  the  selection  of  sites  was  Illustrated 
by  three  Instances.  In  the  account  of  the  selection  of  one  site,  that  for  the 
utUlery  range  and  cantonment,  named  Camp  Bragg,  near  Fayettevllle,  North 
Carolina,  particnlar  emphasis  was  laid  on  the  value  of  knowledge  of  the  general 
feitnres  at  the  country,  because  by  such  knowledge  efforts  will  not  be  wasted 
m  searches  within  areas  in  which  there  are  only  unsuitable  tracts,  but  will  t>e 
restricted  to  areas  In  which  conditions  are  favorable  for  the  project  in  mind. 
Meotloa  was  made  of  Information  furnished  on  the  foundation  for  a  radio 

■  PaMlsIwd  br  pennluion  of  th«  Dlreetoi  of  the  United  Stale*  Q«oIo|1cbI  Bnrrey. 
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tower  and  on  tbe  nature  of  the  tmsemeut  for  a  dam  intended  to  nen-e  ax  a 
flood  control  (or  a  water-supply  rcBervolr.  It  wan  said  that  data  on  road- 
bulldlng  material  were  eagerly  songht  for  some  of  the  cantonments,  and  two 
Bpedal  eiamlnatloDfi  revealed  the  presence  of  material  suitable  for  highway 
conRtmctloii  right  at  the  placee  where  it  wuh  needed.  Inqalrtea  regarding 
eonrcea,  quality,  and  gnantlty  of  water  supplies  covered  all  aspects  of  snch 
suppliea,  except  aanitary  analyses;  and  reports  based  on  st  least  17  special 
field  examtnationa  were  made  to  Army  or  Navy  offldals. 

With  regards  to  military  mapping,  the  author  stated  that  the  Chief  of  Engl- 
neeni  of  the  Army  bad  requested  and  had  utilized  practically  all  available 
information  on  water  supply  and  material  for  highway  construction  ttiat  was 
in  proper  form  for  Incorporation  in  the  progressive  mlHtary  map  of  the  United 
States,  now  in  preparation  by  the  Engineer  Corps  of  the  Army.  Mention  was 
made  of  the  expression  of  high  appreciation  by  the  Army  officers  for  aid  In 
procuring  information  of  this  kind. 

The  author  then  said  that  as  tbe  demands  made  on  the  geologists  In  connec- 
tion with  the  war  iteem  to  render  clear  tbe  need  of  bearing  more  deOnltely  In 
mind  the  application  of  geology  to  practical  things  than  has  been  customary 
In  tbe  past,  he  bad,  with  the  assistance  and  advice  of  many  friends  among 
geologists,  engineers,  and  Army  oKcers.  prepared  a  paper  entitled  "Instruc- 
tions for  members  of  the  United  States  Qeologlcal  Surrey  engaged  in  geologic 
mapping  for  military  purposes."  which  has  been  Issued  by  the  Director  of  the 
United  States  Geological  Survey,  and  that  in  connection  with  the  Instructions 
certain  forms  for  field  and  otherti  for  office  use  had  been  designed.  A  part  of 
the  Intent  of  these  limtructlona  is  that  such  information  as  may  be  desired  for 
use  on  part  of  the  military  map  of  the  United  States  will  be  collected  and  will 
be  so  presented  that  It  may  be  eojilly  taken  over  and  Incorporated  In  the  mili- 
tary map.  Copies  of  some  of  the  forms  were  exhibited.  Three  aubjects  are 
particularly  emphasized  In  the  Instructions  and  the  forms  for  presenting  data. 
Tbey  are  as  follows:  (1)  Water  suppHeK,  which  are  to  be  treated  under  tbe 
captious  (o)  wells,  <b)  springs,  (<?)  artltldaUy  Impounded  waters,  (d)  public 
water  supplies,  (cl  stream  waters,  Including  natural  lakes  and  ponds,  and  tbe 
water  table.  (2)  Structural  and  road  material.  (3)  Cieologlc  map  and  table 
of  geologic  formations  with  reference  to  transportation  and  to  engineering 
operations. 

In  closing  bis  paper,  the  author  said  that  every  kind  of  Information  cwvereil 
by  these  lusrructlons  haH  been  called  for  by  military  authorities,  and  that  be 
lielipves  such  information  iibould  be  available  In  cnse  of  unexpected  emerKeue.v. 
Furthermore,  he  said,  that  as,  except  for  tbe  form  In  which  some  of  it  is  caxt. 
ver.v  nearly  all.  If  not  all,  of  this  Information  is  of  use  in  peace-time  ecouomle 
develotiment.  It  Is  his  conviction  that  work  on  areal  and  structural  geology 
should  be  prosecuted  with  all  possible  energy,  and  that  the  application  of 
geologic  information  to  tbe  ordinary  practical  things  of  life  should  l»e  mwe 
clearly  recognized  and  given  more  prominence  than  has  hitherto  been  tlie 
custom. 

R«ad  by  the  author  from  manuscript. 

Dis«;uBse<l  by  McBsrs.  Bailey  Willis  and  the  President, 
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BSOISEERINO   QEOLOQY  IN  AKD  AFTER  TBB   WAR 


(Ailtract) 

The  nature  (tnd  eiteot  and  Inportaiice  of  U>e  aervioe  of  geology  In  tbe  late 
mllitarr  operations,  and  tbe  state  of  preparedness  of  responsible  men  and 
organlzaUons  for  pnttlng  this  science  to  its  fullest  ose,  will  be  made  the  text 
for  comment  and  suggestion  bearing  on  the  present  period  of  academic  recon- 
struction. 

Presented  in  abstract  by  tbe  author  from  notes. 
IHaenssed  by  Messrs.  Whitman  Cross,  0.  £.  Meinzer,  H.  M.  Ami, 
A.  W.  Grabau,  and  Q.  F.  Loughlin. 

Discussion 

O.  E.  UxiNZEB :  I  wish  to  Indorse  tbe  statements  of  ttke  last  speaker  to  the 
effect  that  what  tbe  geologists  have  gained  by  their  war  work  Is  not  In  contri- 
butions to  principles  or  methods  of  the  science,  but  in  the  training  they  have 
received  In  applying  their  results  to  Intensely  practical  problems  and  In  the 
In^lratlon  that  has  come  from  Aiming  that  these  results  were  of  definite  value 
in  the  great  national  crisis.  Tbe  United  States  Geological  Survey  has  long 
acted.  In  an  informal  way,  as  consultlag  geologists  for  the  War  and  Navy 
Oepartmeats  In  matters  of  water  supply.  When  the  war  came  this  relation 
was  continued ;  bat  the  demands  for  advice  became  much  more  aumeroos, 
until  by  the  end  of  tbe  war  practically  all  the  water-supply  geologists  that  bad 
not  entered  the  Army  were  working  on  War  or  Navy  projects.  The  War  and 
NaT;  Dc^rtntents  did  not  want  Itrng  erudite  reports,  but  very  definite  and 
condsely  stated  advice  on  which  they  could  act  immediately.  A  number  of 
tbe  reports  were  made  in  telegrama— some  of  them  brief  telegrams.  There 
was  Immense  Inspiration  in  the  reallEatioa  that  our  scientific  work  could  be 
pnt  to  such  definite  ose  In  the  prosecotion  of  tbe  war. 

I  wish  also  to  call  attention  to  tbe  work  done  by  the  Ground  Water  Division 
of  tbe  Survey  for  tbe  War  Dc^tartment  in  locating  practically  all  watering 
places  and  localities  where  water  suHiUes  could  be  developed  in  the  region 
within  100  or  150  mites  of  the  Mexican  border,  for  300  miles,  from  Tucson* 
west.  Almost  complete  data  are  now  available  to  tbe  War  Department  on 
water  supplies  along  tbe  border  from  El  Paso  to  the  Pacific  coast. 

QEOLOOT  IX   THE  8TUDBST8'  ARMY  THAlNIHa   OORPS 


{Abttract) 

The  purpose  of  tbe  Students'  Army  Training  Corps  was  to  provide  physical 
and  mental  tralnlnK  for  prospective  ofllcers.  Obviously,  tbe  equipment  of 
offlcers  should  include  a  knowledge  of  soils,  ground  water,  rivers,  swamps,  and 
topographic  featnres  as  seen  in  the  field  and  as  read  from  topographic  maps. 
At  the  request  of  a  committee  of  the  War  Department,  the  Division  of  Geology 
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and  <leograpby  of  the  National  Research  Council  outlined  courses  and  pre- 
pared texts  and  syllabi  on  the  understanding  tbat  geology  should  take  a 
prominent  place  in  tbe  program  of  studies  of  the  Students'  Anny  Training 
Corps.  As  finally  issued,  tbe  program  included  a  required  course  In  surveying 
and  map-making — a  course  sudi  as  is  commonly  given  to  students  in  railroad 
Miglneering  and  whicb  InTolved  no  knowledge  of  geology  and  little  practice  Id 
the  use  of  topographic  maps.  Geology,  Including  physiography,  was  listed 
with  24  other  subjects  which  were  open  to  election.  Tbe  result  was  that  about 
6  per  cent  of  tbe  protpective  officers  received  Instruction  In  geology. 

This  unsatisfactory  showing  led  to  a  study  of  tbe  status  of  geology  In  edu- 
cational Institutions.  It  was  fonnd  that  the  number  of  blgh-school  students 
studying  geology  has  been  rapidly  decreasing  and  now  la  about  OJJ  per  cent; 
that  of  S12  colleges  and  nnlyersitieB  large  enough  to  qualify  for  Students' 
Army  Training  Corps  units,  43  per  cent  olTer  no  geology.  In  the  294  tnstltn- 
tlons  which  provide  for  undergraduate  teaching  In  geology,  the  department 
faculty  consists  of  one  man  who  gives  all  or  part  of  bis  time  to  this  subject 
In  68  iuBtltntlons,  and  In  173  colleges  and  universities  geology  is  taught  b; 
Ittstmctors  In  other  subjects.  The  statistics  show  that  since  1900  the  number 
of  students  electing  geology  has  suffered  a  large  relative  decrease  and  probably 
an  actnal  decrease- 
There  Is  mnch  food  for  thought  in  the  status  of  geology  as  revealed  by  ex- 
perience with  the  Students'  Army  Training  Corps  and  by  a  study  of  university 
faculties  and  curricula. 

Is  geology  taking  Its  proper  place  In  educational  systems?  Is  It  making  a 
satisfactory  contribution  to  national  progress  and  welTare?  And  If  not,  why 
not?  Is  It  true  tbat  a  knowledge  of  geology  Is  fundamental  in  eOIctent  ex- 
ploitation of  the  soil  and  In  the  derelopmeut  of  mineral  resources?  If  so,  why 
are  geologists  rare  in  agricultural  schools,  experiment  stations,  and  on  the 
staffs  of  mining  and  quarry  companies?  Has  geology  Edgnlflcant  contributions 
to  make  to  engineering  problems  and  to  military  operations?  Then  why  are 
most  of  the  dams,  tunnels,  and  foundations  and  wells  constructed  without  tbe 
aid  of  geologists,  and  why  has  It  required  such  skillful  maneuvering  to  assign 
geologists  to  the  Army  staffs  In  France?  Has  geology  a  message  for  hlgb- 
BChool  pupUs  and  college  students?  Is  It  tme  tbat  this  subject  la  partimlarly 
valuable  In  developing  the  Imagination.  In  weighing  evidence,  In  gaining  an 
Intelligent  notion  of  time?  Is  It  Stted  to  increase  tbe  happiness  of  people  by 
enlarging  their  enjoyment  of  natural  scenery?  Relief  In  the  educational  value 
of  geology  is  common  among  geologists,  but  many  college  presidents  and  facul- 
ties view  the  Idea  with  skepticism.  Shall  we  consider  a  knowledge  of  geology 
as  a  special  attainment  within  the  range  of  a  small  group,  and  shall  geologists 
continue  to  write  books  for  each  other  to  read  and  crltidze.  or  shall  we  con- 
sider that  the  facts  and  methods  and  principles  of  geology  should  form  part 
of  the  mental  equipment  of  intelligent  citizens  and  write  books  which  can  be 
understood  by  the  average  man?  Thes6  are  some  of  the  questions  which  re- 
quire study  If  progress  In  our  science  la  to  be  stimulated ;  tor  advanced  study 
flourishes  best  In  a  ^mpathetlc  environment,  and  the  training  of  students  and  a 
wide  public  knowledge  of  the  value  of  geology  are  primary  conditioning  factors 
In  research. 

Read  by  the  author  from  manuscript. 
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(  WORK   sr   TBS  DEPARTllBST  OP  OBOLOOT  AT  THE   VtUVBRBlTV  OF 


BT   WABBBN   D.    BUITH 

{Abstract) 

At  Oregon  we  have  a  gcDeral  situation  probably  without  a  parallel  in  otber 
State  ontveniltles  of  the  country,  Damely.  a  State  unlveralty  without  a  school 
of  eagine«ring.  Fortunately  for  the  department  of  geology,  one  of  its  members 
hsd  had  some  experience  In  geographical  and  milltaiy  map-making  and  read- 
ing, and  a  class  of  slxty-flve  volunteer  students  In  this  subject  was  enrolled 
before  war  was  declared  by  the  Dnited  States.  Since  the  declaration  of  war 
by  America  more  than  one  thousand  men  have  received  this  training. 

TiM  second  actiTlty  was  in  the  line  of  geography.  A  year's  course  in  eco- 
nomic geography  had  be^i  giren  for  three  years  previously  to  our  entrance 
into  the  war,  and  the  central  theme  of  this  had  been  the  geography  of  Europe. 
Geography  had  a  few  years  before  been  dropped  from  the  unlTerslty  cur- 
rinjlnm. 

The  third  and  perhaps  the  most  interesting  phase  of  the  work  was  the 
prospectors'  class  in  war  minerals,  held  In  the  evening  hours  once  a  week  dur 
lag  the  spring  of  1918.  As  the  Dnited  States  swung  more  and  more  earnestly 
Into  the  war  the  department  began  to  give  the  young  men  {such  as  came  under 
Its  InBtmction)  planning  to  go  to  officers'  training  schools  more  and  more  ap- 
plications of  geolc^y  to  military  operations.  And  yet  another  field  was  entered 
to  a  limited  extent,  which  might  bare  been  mare  fruitful  had  time  and  energy 
permitted,  namely,  the  extension  fleld.  Several  outside  lectures,  including  one 
Bt  Fort  Stevens,  at  the  montb  of  the  Columbia,  on  the  geography  of  the  west- 
em  theater,  were  undertaken. 

Read  by  title  in  the  absence  of  the  author. 

At  12.30  o'clock  p.  m.  the  eoBBioa  adjourned  for  noon  recess  and 
luncheon,  and  reconvened  at  2.10  o'clock  p.  m.  to  continue  the  reading 
of  papers. 


Afternoon  Session,  Fkiday,  December  27,  1918 

titles  and  abstracts  op  papers  presented  before  the  afternoon 

session  and  discussions  thereon 

kbobkt  earthqvaebb  of  porto  rico 

bt  habbt  fielding  bbid  and  stephen  tabbb 

(Abstract) 

A  series  of  earthqtiakes  lasting  about  a  month  were  fett  In  Porto  Rico  and 

adjoining  Islands,  beginning  at  10.14  a.  m.  October  11,  1918.    The  origin  of  the 

Rhocks  was  submarine,  a  few  miles  off  the  northwest  comer  of  Porto  Itlco. 

The  first  shock  occurred  without  warning  and  was  very  severe,  causing  great 

deMmctlon  of  buildings  In  the  northwestern  part  of  the  Island,  and  some 

minor  damage,  even  as  far  as  Its  eastern  end.    This  was  followed  by  many 
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aftershocks,  which  were  very  numeroas  for  a  few  days,  but  gradnally  became 
less  aDd  lesH  frequent.  Shocks  atroug,  bat  not  nearly  so  strong  as  tbe  6nt 
one,  occurred  at  11.43  p.  m.  C»ctober  24  and  at  5.44  p.  m.  November  12.  After 
that  date  they  rapidly  diminished  in  strength  and  frequency  and  sood  ceased. 

Tbe  first  shock  was  felt  from  the  northern  Lesser  Antilles  to  the  weatun 
part  of  the  Island  of  Haiti — a  distance  of  300  to  360  miles.  The  first  Hhocli. 
but  none  of  tbe  otbers,  was  followed  by  a  sea-wave,  which  reached  a  hel|$t 
of  about  20  feet  In  the  nortliwestem  part  of  Porto  Rico,  and,  Its  heit^t  Id 
general  diminishing  with  Uie  distance,  was  noticed  for  some  distance  along 
the  northern  coast,  over  the  wboie  of  the  western  coast,  and  for  a  short  dla- 
tance  on  the  sonthem  coast.  A  number  of  people  were  drowned  by  this  wavt 
and  many  small  native  hnts  were  destroyed  or  diqilaced. 

The  earthquakes  are  bellered  to  be  due  to  movements  on  a  submarine  taolt 
The  slope  of  the  sea-bottom  oflF  the  northwestern  part  of  the  Island  U  so  steep 
tliat  one  is  almost  driven  to  assume  that  a  great  fault-scarp  exists  there.  Tbe 
movement  at  the  time  of  the  first  shock  must  have  had  a  vertical  component 
to  generate  the  strong  sea-ware. 

Although  both  the  Greater  and  Lesser  Antlltes  are  subject  to  strong  eartb- 
quakes.  tie  Island  of  Porto  Rlco  seems  to  have  experienced  only  one  other 
severe  disturbance  since  It  was  discovered  by  Columbus ;  this  disturbance  wan 
also  submarine  to  the  east  of  Porto  Rlco  and  Immediately  south  of  the  Island 
of  Saint  lliomas.  The  shock  Inatigurating  tbis  disturbance  occurred  on  No- 
vember 12,  1887.  It  was  rather  more  severe  than  the  recent  shock,  and  was 
also  followed  by  a  more  important  and  more  extensive  sea-wave. 

{A  full  report  will  be  made  to  the  Insular  flovenuneat,  and  technical  details 
will  be  publlsbed  In  tbe  Bulletin  of  tbe  Selsmological  Society  of  Amerlra. ) 

Presented  by  the  eenior  author  extemporaneously. 
Discussed  by  Prof.  C.  P.  Berkey. 

BTItVCTVRB  OF  TBE  PACIFIC  RASaBS,  OAUFORVIA 


{Abstract) 

The  term  Pacific  ranges  of  California  Is  here  used  to  designate  the  poast 
ranges  and  the  Sierra  Nevada.  Their  structure  Is  described  as  an  eCtecl  of 
compressive  stress,  but  is  contrasted  with  tbe  structore  of  the  Appalacttlans. 
whereas  in  the  latter  tbe  effects  of  compression  are  folds  and  low  angle  orer- 
thrusts;  In  the  Pacific  ranges  the  dominant  structure  is  tbe  rotated  mountain 
block  guided  by  a  high  angle  npthmst. 

Ben  Lomond  Ridge.  In  the  Santa  Cruz  quadrangle,  the  Santa  Inee  Range, 
west  of  Santa  Barbara,  and  the  Sierra  Nevada  are  cited  as  examples  of  ro- 
tated mountain  blocks.  In  each  case  their  visible  surfaces  are  two — an  old 
topographic  surface,  which  has  been  tilted,  and  a  fault-scarp,  whlcb  has  hera 
more  or  less  eroded.  Rotation  of  tbe  block  Is  regarded  as  demonstrated  by 
the  growth  of  consequent  streams  and  canyons  on  the  old  topographic  surface, 
and  also  by  normal  faults,  similar  to  landslides,  in  the  direction  in  wbtdi  tilt- 
ing would  cause  downsUpplng. 

Rotation  has  resulted  in  the  uplift  of  one  edge  of  the  block — tbe  edge  In 
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■rlilcb  the  old  topograpblc  surface  Is  Intersected  by  tfae  fault-HCarp.  Tbe  up- 
ward movement  may  be  described  as  a  higb  anxle  npthrust.  Tbe  plane  of  tbe 
throst  rlaes  to  vertical  or  even  beyond  vertical  and  appeam,  especially  wbeu 
eruded,  as  s  normal  fault-plane,  badlng  to  the  downtbrow.  Jn  fact,  bowever, 
it  ii  by  hypotheela  neither  normal  nor  plane.  It  is  regarded  as  a  curved  thrust 
surface,  curving  back  under  tbe  block. 

Since  tbe  under  side  of  the  block  can  not  be  observed,  its  form  Is  hypothet- 
ical; but  if  the  rotated  block  moved  on  It  as  on  a  guiding  surface,  it  mmtt  be 
R  c-un'ed  surface,  as  described  above.  The  only  alternative  would  be  that  the 
mODQtaln  block  floats.  This  Is  dismissed  as  Inadmissible.  Hence  tbe  curved 
under  surface  of  the  block  Is  regarded  as  proved  by  the  rotation. 

The  under  surface  of  the  block  is  estenalve.  Ita  visible  margin  Is  tlie  fault- 
iK-arp.  It  extends  don-nward  probably  many  miles  and  seaward  many  tens  of 
[nll«H.    It  la  a  major  structure  whlcb  requires  explanation. 

todependent  studies  Into  the  possible  effects  of  isostatlc  adjustment  had  led 
the  writer  to  conclude  that  erosion  and  sedimentatiou  are  quantitatively  too 
weak  to  produce  mass  movements  In  the  rigid  earth,  but  that  they  do  set  up 
stresses  adequate  to  direct  the  orientation  of  crystals  In  tbe  development  of 
schists.  The  orientation  should  vary  from  a  horizontal  attitude  of  foliation 
beneath  loaded  areas  to  a  vertical  attitude  l>eneatb  lightened  areas,  and  should 
nmstltute  a  curve  rising  from  a  great  depth  beneath  tlte  ocean  basins  to  the 
(untlnentat  border  zones.  Shear  stresses  at  approximately  45  to  the  horizon- 
tal should  supplement  the  effects  of  orientation  by  Isostatlc  stress.  Liong  time 
H  a  very  important  factor.  The  result  should  be  a  dlscoldal  structure  of  tfae 
lltliosphere.  It  Is  believed  that  tbls  structnre  Is  a  general  condition  to  a  depth 
of  a  hundred  miles  or  more.  The  hyirathesls  has  been  tested  as  a  cine  to 
nndenttanding  various  phenomena  of  orogeny,  vulcanlsm,  and  mineral  nones. 
In  connection  with  tbe  rotated  mountain  blocks  of  California,  It  is  held  that 
their  under  surfaces  are  elements  of  the  dlscoldal  structure  of  the  lithosphere. 

The  force  which  mores  the  rotated  mountain  blocks  and  causes  them  to  rise 
uo  their  guiding  under  surfacea  Is  found  in  the  weight  of  the  falling  sub- 
oceanic  maaa.  as  when  water  pushes  out  a  dam.  In  discussions  of  isostatlc 
balance  it  is  commonlr  assumed  that  the  opposed  horizontal  pressures  of  two 
adjacent  failing  columns  are  transmitted  through  homogeneous  or  structure- 
less material.  To  produce  motion  their  difference  would  then  needs  be  greater 
than  the  crushing  strength  of  the  material.  But  when  an  Inclined  foliation 
has  developed,  the  components  of  pressure  against  an  Inclined  plane  mme  Into 
play  and  cohesion  Is  largely  replaced  by  friction  as  a  resistance  to  nptbrOst 
along  that  plane.  Even  ao,  it  is  the  fact  that  stability  of  the  lithosphere  ts 
tbe  prevailing  condition.  Imperceptible  warping  baa  been  more  common  than 
energetic  mountain  growth.  To  explain  the  latter,  bjTotbesls  appeals  to  the 
occasional  greater  activity  of  recrystallizatlon  and  of  melting  in  deep-seated 
tvhista,  due  to  variations  of  Internal  heat.  The  two  processes  may  or  may 
Dot  be  associateHl  Becryatalllzatlon  may  produce  gradual  movements.  Melt- 
ing and  the  Intrusion  of  molten  sheets  along  planes  of  schistoslty  may  so  re- 
duce friction  as  to  occasion  revolutionary  erogenic  disturbances.  Some  evi- 
dence of  association  ol  igneous  rocks  with  orogeny  can  be  adduced,  but  In 
general  tbe  relation  remains  hypothetical  because  tbe  zobb  of  activity  la  be- 
yond observation. 
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Whatever  the  vaUcUtr  of  the  Speculative  Bnggeetlons  may  be.  It  la  bellcTed 
that  the  recognition  of  the  rotated,  npthnut  moantaln  block  In  place  of  the 
cmreDtlj  acc^ted  normal  fault-block  wilt  advance  our  nnderatandlng  of  the 
Paclllc  ranges. 

In  the  paper  due  rec<«nltIoD  la  given  to  the  work  of  Gilbert,  Le  Conte. 
Dlller,  Llndgren,  Becker,  and  others  In  this  Odd,  and  aUo  to  Barry's  studies 
of  the  coDdiUona  existing  In  the  llthosphere. 

FreseDted  by  the  author  without  notes. 

Discussion 

Dr.  R.  T.  CEUUBKUjn :  I  have  been  very  much  Interested  In  this  new  ex- 
planation advanced  by  Doctor  WUlIs  for  the  stntcture  of  these  perplexing 
Padflc  ranges.  Some  experimental  studies  which  I  have  been  carrying  on 
have  developed  somewhat  similar  structures,  and  for  their  bearing  on  this 
problem  may  perhaps  be  mentioned.  In  these  studies  blocks  of  varloua  ma- 
terlala  were  subjected  to  Tarioos  compressive  stresses  from  two  opposite  stden 
to  determine  the  nature  of  fracturing.  When  rotational  strains  were  devel- 
oped, it  was  observed,  in  not  a  few  cases,  that  the  planes  of  fracture  turned 
sttarply  upward  as  they  neared  the  upper  sorface  of  the  blocks.  In  theHe 
cases  the  fault-plane,  which  was  nearly  horizontal  In  the  middle  of  a  bliicit, 
curved  and  reached  the  upper  surface  as  a  nearly  vertical  plane,  thus  mnnl- 
feating  a  rather  striking  resemblance  to  the  diagram  presented  by  Doctor 
Wtllls.  These  results  were  noted  in  blocks  of  pure  parafBne  and  other  homo- 
geneous materials,  as  well  as  in  bedded  strata,  Indicating  that  this  behavior 
of  the  fault-plane  may  take  place  Independently  of  the  nature  or  special  struc- 
ture of  the  material  if  the  strain  Is  of  the  proper  sort.  Because  of  the  simi- 
larity of  these  experimental  fractures,  though  on  a  very  small  scale,  to  tbe 
curving  fracture  planes  just  presented,  I  venture  to  mention  them  as  having 
a  possible  bearing  on  tbe  problem. 

Mr.  A.  Keith  :  I  have  observed  for  years  in  the  Appalachians  certain  facta 
that  accord  with  Professor  Willis's  analysis  of  the  Faclflc  Coast  structure. 
The  rocks  In  the  Appalachians  that  are  known  to  have  been  most  deeply 
burled  have  In  very  many  cases  a  nearly  flat  foliation.  Another  major  fact 
In  the  Appalachians  Is  tbe  association  of  many  great  Bat  overthrust^  witb 
flatly  foliated  gneiss  or  granite.  It  bas  long  seemed  to  me  that  there  Is  a  close 
association  In  cause  between  the  great  flat  thrusts  and  the  flat  foliation  ilue 
to  deep  borlal. 

Dr.  G.  R.  Mansfield  :  Curved  fault-planes  are  recognized  In  the  RocEy 
Mountain  region  along  the  Idaho-Wyoming  border.  The  Bannock  overthrnst. 
with  gentle  southwesterly  dip,  shows  In  places  a  pronounced  uptnrulng.  Id 
several  places  dip  even  becomes  southeasterly. 

Dr.  G.  W.  Stobe:  I  have  been  trying  to  onderstand  the  mechanics  of  the 
diagram  and  how  Its  operation  will  produce  the  results  at  the  surface  ascribed 
to  it.  It  seems  to  me  that  movement  of  a  block  on  an  arc  of  a  circle  of  one 
hundred  miles  radius  would  not  tilt  the  surface  of  tbe  block  as  stated. 

Remarks  were  also  made  by  Professore  H.  F.  Eeid  and  J.  P.  Iddinfs. 
with  reply  by  the  author  to  questions  raised  by  Professor  Beid. 
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ItlORiTlOy  OF  QBOBTHOLIflBB 
BY  AMADXU8  n.  fiU^AU 

{Ahstract) 

The  aathor,  as  opposed  to  Haug  and  others,  dlstlngutabes  between  geoxyii- 
clines,  or  belts  oF  commrrent  deposition  and  sabsldence  parallel  to  the  old  land, 
and  fore-deepB,  or  eaboceanlc  areas  of  sabsidence  with  a  mlnliDnni  of  deposl- 
tloD.  A  consideration  of  a  namber  of  such  geoayncUnea  of  varlouB  geological 
sgea,  and  in  Tarions  parte  of  the  world,  brings  out  the  fact  that  on  the  folding 
of  tbe  strata  of  the  geoeynclfne,  and  their  eleratlon  Into  a  mountain  chain,  a. 
new  geosyndine  came  into  existence,  parallel  to  the  earlier  one,  but  witbtu  the 
region  of  tbe  former  old  land,  wblch  supplied  the  materlBl  for  tbe  sediments 
of  tbe  preceding  geosyucllne.  Thus  tbe  geosyucllne  migrates  toward  the  old 
land.  Bnropean  examples  are :  The  Molasse  Cbannel,  formed  with  tbe  flrtt 
folding  of  tbe  Alps ;  tbe  new  geosyncline  along  the  onter  border  of  the  uewly 
formed  Carpathians ;  and  the  similar  late  Tertiary  geosyucllne  north  of  tbe 
Caacasus.  In  North  Americn  tbe  depoedts  of  tbe  Newark  geosyncllne  rest. 
In  part  at  least,  on  tbe  surface  of  the  old  land  of  late  Paleozoic  time,  wbtch 
Includes  some  of  the  older  Paleozoic  strata ;  but  the  evidence  in  this  case  Is  not 
■o  clear  as  In  others,  probably  because  of  tlie  absence  of  the  older  Trlassic.  In 
we«tera  North  America,  however,  we  find  a  progressive  westward  migration  of 
tbe  geosyncllnes  in  Trie- Jurassic,  Gomancho-Cretaclc,  and  Tertlar;  times,  so 
that  each  series  rests,  In  part  at  least,  on  the  old  land  of  the  preceding  geo- 
syncllne,  though  gradual  overlap  on  the  folded  series,  as  this  becomes  pene- 
planed,  may  also  occur.  It  is,  of  course,  recognized  that  in  front  (east)  of  tbe 
folded  Paleozolcs  of  the  Cordllleran  region  (in  tbe  present  Rocky  Mountain 
region)  deposition  continued  throughout  Meeosotc  and  later  time,  Just  as  later 
Tertiary  deposits  continued  to  form  eoutb  of  the  Alps,  Inside  of  tbe  Oar- 
patbian  arch  {Hungarian  or  Pannonian  Basin),  and  south  of  the  Cancnsus.  Id 
nil  of  these  regions  there  is  essential  concordance  of  strata,  though  dlscon- 
fonnltlea  exlat,  except  where  later  overlaps  bring  the  younger  strata  to  rest 
on  the  eroded  parts  of  tbe  folded  aeniee. 

So  far  as  tbe  available  data  permit  Judgment,  a  similar  migration  of  geo- 
syndinal  belts  occurred  on  tbe  first  elevation  of  tbe  Atlas  Mountains  of  North 
Africa  and  the  Andes  of  South  America,  and  It  appears  tbat  this  is  a  principle 
of  ivlde  applicability. 

Presented  by  tbe  author  extemporaneoMsly. 
Discussed  by  Prof,  Bailey  Willis, 


OBOTBCTOXIC  ADAPTATION    TBROVOB   RSTARDATIOS   OF   TBE   BARTH' 


BV  CHABLES  B.  KBTES 


From  the  results  of  recent  curious  experiments  In  geotectonlcs.  It  Is  inferred 
tbiit  the  larger  relief  features  of  our  globe  are  not  the  complex  dynnmlcal 
pbenomena  commonly  fancied,  but  that  all  are  merely  somewhat  different  ei- 
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pressloBS  of  the  Bame  simple  tsngential  force  and  direct  resaltents  of  tlw 
eartb's  rotation. 

InquliT  Into  the  foimediate  origin  of  the  great  eartb-wrlnklea  is  usuallj  np- 
proncbed  from  the  aBtronomlcal  angle.  Since,  on  the  aaBumption  of  a  coolinc 
globe,-  the  contractional  hrpothesie  takes  form,  it  la  commonly  premised  that 
the  earth  passes  through  much  the  same  course  as  does  a  sbiireling  apple. 
Beginning  with  Descartes,  three  hundred  yearS'Sgo,  and  emUng  today  with 
SuesB,  the  contractlonal  tfaKiry  finds  many  adherents.  Challenges  are  few  and 
far  between,  but  important,  for  tbey  seem  to  show  tbat  tbe  hypotbests  has  to 
be  critically  examined  anew,  in  tbe  light  of  the  more  modem  advancements  of 
tbe  earth  adences. 

As  Is  well  known,  In  a  rotating  spheroid  possesBliig  notable  elastielty  (be 
geometric  radius  Is  not  coincident  with  tbe  radial  line  of  molar  eqnilibrium. 
or  repose  from  stress.  The  first  ie  a  straight  line;  the  second  a  section  of  a 
parabolic  curve,  tbe  coefficient  of  which  varies  with  tbe  rate  of  revolution. 
For  obvious  reasons,  the  spheroid  of  the  laboratory  acts  as  a  homi^eueouB 
body.  Extending  these  physical  principles  to  tbe  earth,  complications  at  once 
set  in.  The  zones  of  rocb-flow  and  of  rock-fracture  necessarily  bebave  differ- 
ently. Tbe  former  acts  as  a  homogeneous  mass  under  hydrostatic  ]>ressure. 
Tbe  latter  develops  tbe  characteristics  of  a  heterogeneous  body  :  It  flexes,  faults, 
and  shears,  and  glvea  rise  to  all  of  those  tectonic  phenomena  which  are  coin- 
mouly  accounted  for  on  the  hypotfaeaiB  of  a  contracting  nucleus.  Tnogeiitlal 
compression  tbus  may  be  InlUeted  wltboot  regard  to  a  cooling  globe. 

Working  with  curved  prisms,  lilce  sectors  of  tite  esrth,  with  bands  corre- 
sponding to  gravltatloual  ccmtrol,  and  under  conditions  under  which  there  U 
gradual  release  of  rotational  stress  analogous  to  retardstion  of  the  enrlh'g 
revolution,  experiments  lately  performed  reproduce  to  a  nicety  all  of  tboie 
larger  structural  features  of  the  earih,  such  aa  tbe  ocean  basins,  the  contlneo- 
tal  arcbea,  CordUleran  corrugations,  and  orographic  foldings.  The  effects  of 
tangential  compressive  force  which  many  mountain  structures  display  tbus 
appear  to  be  not  the  result  of  earth  contraction,  but  of  stress  relesse  due  to 
retardation  of  tbe  eartb's  rotation. 

Fiufllly.  on  this  new  basis,  with  tbe  force  and  rate  of  retardation  aud  the 
nmonnt  of  crustal  shortening  capable  of  exact  expression  by  mathematical 
equation,  a  ready  means  is  provided  for  realising  not  only  something  of  Rllf 
de  Beaumont's  fantastic  dream  of  orographic  symmetry,  but  for  gauging  in 
units  of  human  time  tbe  age  of  every  mountain  uplift,  for  determlntng  vpry 
accurately  in  like  terms  the  periodicity  of  every  dlastropblc  movement,  and 
for  evaluating  In  years  tbe  span  of  every  era,  period,  epocb,  and  stage  of  tbe 
stratlgraphtc  records  eince  life  Bi^>eared  on  oar  globe. 

Reatl  b}'  title  in  the  absence  of  the  author. 

LATE  UIHSIIi8IPPlA\  OnOQEXIC  MQVBilBSTS  IS  SOUTH  AUERICA 
BV    FHANCIS    M.    VA.N    TL'TL  AND  BATUONO  C    UOOBE 

{AbttracU 

Kecent  Mtratlgraphlc  studies  have  dlwclosed  tbat  the  Ouachita  disturbance  at 
Inte  Mlwdsfllpplan  time  affected  a  much  larger  area  In  North  America  than  was 
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ronnerly  supposed.  In  tbe  northeastern  portion  of  tbe  contliient  there  was  an 
importjiDt  uplift  In  the  Acadian  region.  Farther  south  Appalachla  was  raised. 
Id  the  soathem  interior  there  were  important  positive  movements  In  the  Llano 
area  of  Teiafi,  In  the  region  of  tbe  Wichita  and  Arbuckl  Mountains  of  Okla- 
hama,  and  In  New  Mexico.  The  Ozark  Mountains  were  elerated  at  this  time, 
and  there  Is  erldence  that  the  Nemaha  Mountains,  a  granite  ridge  of  north- 
central  Kan'""'  now  burled  b;  tbe  Pennsy Iranian,  were  formed  during  the 
4ame  orogenlc  epoch.  To  the  north  there  appears  to  have  been  an  uplift  of  the 
Slonxlan  area  In  northwestern  Iowa  and  adjacent  parts  ot  South  Dakota  and 
Minnesota,  of  Wisconsin,  and  of  tbe  La  Salle  anticline  of  Illinois.  Broolcs 
describes  late  Misalsslpplan  diastropblc  movements  in  Alaska,  and  it  ts  believed 
that  there  were  similar  readjustments  in  westeru  North  America  at  the  sume 
time.  As  a  result  of  the  orogenlc  movements  enumernted  nhove,  several  im- 
portant structural  basins  were  formed.  At  the  beginning  of  the  Pennsylvanlan 
scdlnentaEton  in  central  North  America,  important  geoiis'iic tines  were  present 
in  Michigan,  lUtnols,  Indiana,  Kentucky,  and  Missouri,  Iowa,  Nebraska,  Kan- 
sas. Arkansas,  Oklahoma,  Into  which  advanced  tbe  Pennsylvanlan  seas  and  In 
wblch  the  Pennsylvanlan  deposits  were  laid  down. 

Read  by  title  in  the  absence  of  the  authore. 

FOBTQLACtAL  OPLIFT  OP  TBB  fIBW  BSOLASD  COASTAL  BBOION 
BT   HCBUAN   L.  PAIBCHILD 

{Abttract) 

During  the  summer  of  191S  examination  has  been  made  of  eastern  Connecti 
fut,  Bbode  Island,  Marthas  Vineyard,  Nantucket,  eastern  Massachusetts,  and 
Cape  Cod  and  points  on  tbe  Maine  coast  as  far  as  Mount  Desert.  The  study 
confirms  the  practical  accuracy  of  the  map  showing  continental  uplift,  pu)}-  • 
llsbed  In  the  Bulletin  of  this  Soclet}'.  volume  28,  page  202  (and  similar  maps 
in  Science,  volume  47,  page  616.  June  21,  1918.  nnd  in  Proceedings  of  tbe  Na- 
tional Academy  of  Sciences,  volume  4.  page  230.  August,  19181.  Any  changes 
In  ttie  lines  of  equal  uplift  (Isobases)  over  smith  eastern  New  England  will  be 
slight  and  unltuportant. 

The  evidence  of  submergence  since  the  last  ice-sheet  is  positive.  Ejxcepting 
marine  fos^ls  (which  are  not  expected  in  depoaltN  nenr  the  glacier  marglD  and 
at  higher  levels),  all  classes  of  features  are  found  that  would  be  sought  in 
proof  of  standing  water.  These  are;  delta  plains  at  the  summit  level  on  all 
•treams  from  higher  ground;  wave-planation  of  gravel  areas  (kames)  at  vari- 
ous levels;  extensive  still-water  deposits  at  nil  lower  levels;  and  prevailing 
pell-mell  structure  of  water  deposits  at  inferior  levels,  because  they  had  been 
poured  by  glacial  drainage  into  deep  water.  Clean  horizontal  tines,  tbe  com- 
moD  inscription  of  standing  water,  are  very  generally  vialble. 

The  sand  plains  In  eastern  Mflpsnchusettn,  which  have  been  attributed  to 
glacial  lakes,  are  only  tbe  effects  of  wave-work  by  the  shallowing  sen-waters. 
No  gladal  waters  existed  there  exc^t  the  higher  levels  of  Crosby's  I.ake 
Kasbua,  for  the  reason  that  tbe  areas  of  supposed  lakes  nre  all  beneath  tlHr 
(luninit  marine  plane. 

Deposits  of  standing  water  origin  are  found  at  or  near  the  summit  plane 
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at  varloos  localities  facing  tbe  open  sea,  thus  ruling  out  the  idea  of  glacial 
wateta. 

Tbe  paper  will  give  precise  location  and  descrlptioD  of  the  marine  featurea 
over  the  area  in  queatlon. 

Bead  by  title  by  request  of  the  author. 


ST  JAUBS  H.  8T0IJ.EB 

Tbe  Hubeldence  of  tbe  body  of  waters  (Lake  Albany)  wblch  occupied  tbe 
middle  Hudson  Valley  following  tbe  retreat  of  tbe  Ice-front  antedated  tbe 
opening  of  tbe  Saint  Lawrence  outlet  of  tbe  interior  glacial  lakes.  Tbe  evi- 
dence of  tbls  is  tbe  occurrence  of  erosion  terraces  in  tbe  Lake  Albany  deposits 
on  eitber  side  of  tbe  Hudson  Rlrer  at  Mecbanlcsvllle.  The  location,  eleradon, 
and  trend  of  margins  of  tbese  terraces  show  that  tbey  resulted  from  erosion 
by  a  western  tributary  river  discharging  Into  southward -flowing  Hudson  waters 
at  MeclianicsTill&  It  has  been  shown  that  tbls  tributary  was  tbe  Iroqnols- 
Uoliawk  River.  Other  topographical  evidence  shows  that  the  waters  of  the 
Hudson  Valley,  after  their  subsidence  to  the  levels  Indicated  by  tbe  erosion 
terraces,  did  not  again  rise  to  a  higher  level.  The  deductions  from  tbese  facts 
of  topography  are  opposed  to  the  conception  of  a  body  of  marine  waters  con- 
necting the  Saint  Lawrence  arm  of  the  sea  with  tbe  ocean  at  New  York. 

.  Preeented  extemporaneouely  by  the  author. 

Discussion 

Prof.  H.  L.  Faibchiu):  Tbe  map  which  I  now  exhibit  (published  as  plate  10 
tn  volume  27  of  the  Bulletin  of  this  Society)  shows  tbe  full  amount  of  the 
marine  submergence  of  tbe  Hudson-Cbamplain  Valley.  Tbe  upraised  marine 
plane  now  rises  from  sero  south  of  New  York  City  to  at  least  740  feet  on  thf 
international  boundary,  at  Covey  Hill.  (The  details  of  the  sbore  features  in 
tbls  valley  are  awaiting  publication  as  a  bulletin  of  the  New  York  Statfe 
Huaenm.) 

Tbe  rise  of  the  land  following  tbe  removal  of  tbe  ice-sheet  was  by  a  wave 
movement,  and  at  the  time  of  tbe  latest  flow  of  tbe  Iromohawk  River,  in  the 
Saratoga-Round  Lake  region,  the  locality  had  risen  175  feet :  but  It  was  yet 
200  feet  tower  than  It  Is  now.  It  Is  quite  possible  that  the  Hudson  Valley  In 
tbe  r^on  of  New  York  City  had  then  received  Its  full  amount  of  uplift,  hut 
tbe  Covey  Hill  district  was  then  at  Its  maiimom  depression.  Even  after  the 
extinction  of  Lake  Iroquois  the  Covey  Htll  district  was  740  feet  lower  than 
at  present. 

Tbe  erosion  features  in  the  Mechanics vllle  district,  described  by  Professor 
Stoller,  were  made  by  stream-flow— flrst,  by  the  Iromohawk,  down  to  the  200- 
foot  plane;  second,  by  tbe  southward  flow  of  all  the  I^auTentlan  waters  while 
tbe  glacier  front  rested  against  tbe  highland  of  Maine  and  New  Brunswick: 
and,  third,  by  tbe  present  Hudson  and  Anthony  Kill.    These  features  of  stream- 
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work  are  ludependeot  of  anil  with  no  relatloD  to  tbe  hlgber  levels  of  tbe  Hud- 
Km  eBtnary- 

Tbe  erldence  of  the  cootltiuoua  h^h-lcTc!.  shore  pheuomena  throughout  the 
HodaoD-ChamploIs,  tbe  Saint  Lawrence,  Connecticut,  and  all  other  deep  ral- 
leys  of  northeastern  America  (see  Bulletin  of  the  Oeolo^cal  Socletjr  of  Amer- 
ica, Toluroe  28.  pages  187-234),  Is  proof  of  postglacial  marine  submergence. 
The  Btream-eroslon  features  at  Mechanlcsrllle  are  carvings  In  the  estuar;  de- 
posits, produced  while  the  region  was  rising  out  of  the  standing  waters.  That 
tbe  so-called  "Lake  Albany"  waters  were  estuarlne  and  not  gladal  has  been 
afaown  In  tbe  Bulletin,  volume  28.  pages  291-292. 

Professor  Stoli£b  said :  I  defer  to  Professor  Falrcblld'a  extended  study  of 
gladal  history  In  Its  broader  aspects.  Without  entering  on  a  controven^'  as 
to  any  of  the  larger  questions,  I  would  ask  Professor  Falrchlld  to  state  how  he 
accounts  for  the  topographic  features  I  have  called  attention  to  In  my  paper. 

May  I  ask  Professor  Falrchlld  whether  he  Is  able  to  uuderstand  the  terrace 
forma  at  Hechanlcsvttle  which  I  have  described  as  erosion  terraces  as  due  to 
CDrrents  flowing  In  the  Hudson  Valley  waters? 

aVBTBRRANEAS  "CBALK-BTRSAlia"  OF  KORTBBRX  FBASOB 


(Abstract) 

1.  British  base  In  France  corresponds  largely  with  portion  of  French  const 
underlain  by  chalk — their  lines  of  communicatfon  and  battle-front  during  tbe 
irar  mainly  on  this  formation. 

2.  Minor  streams  of  this  area,  and  many  tributaries  of  the  major  ones,  flow 
Bubterraneonsly  through  the  chalk,  under  dry  valleys. 

a  Peculiarities  of  these  valleys:  (1)  flat  bottoms;  (2)  graben  hi  the  level 
flows ;  (3)  fanlt-Bcarps  on  slopes  parallel  to  the  valley. 

4.  Relation  of  these  facta  to  one  another: 

(1)  Pattern  of  valleys  eroslonal,  not  structural. 

(2)  Course  of  streams  under  valleys  Irr^nlar — traceable  by  graben 

(3)  Fanlt-Bcarpa  sometimes  on  one  slope  of  tbe  valley,  but  abseiii  or 
tbe  opposite  side. 

(4)  Streams  sometimes  under  tbe  side  slopes  of  tbe  valley. 

5.  Explanation.  Meandering  of  underground  streams — removing  layers  of 
cbalk  and  allowing  slumping  of  blocks  above. 

6.  Suggested  history  of  such  streams. 

7.  Their  Importance  as  source  of  pure  water. 

Read  bv  title  in  the  absence  of  the  author. 


BT  EDWARD  B.  HATHEWa 


Among  the  chief  outstanding  dllTereiit>es  In  clnsslfloitlona  of  Igneous  rocks 
are  the  bases  underlying  them,  and  among  these  perhaps  the  widest  dlvei'gence 
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Is  sbowu  In  the  use  of  tbe  aorm  as  dlstlDguUhed  from  the  mode,  or  actual  rock. 
The  use  of  tbe  norm  Increases  tlie  deQuitenees  af  cbeniica)  classiflcoUon,  but 
looes  toui^b  with  tbe  actual  rock.  Tbe  present  paper  Is  aa  attempt  to  t«st  tlie 
relative  refluetneut  of  cbemlcal  characterization  of  correlative  groups  in  tbe 
old  and  new  methods  of  classlBcatlon  to  see  whether  or  not  the  Bains  conipen- 
aate  for  the  losses. 

The  problem  proposed  Is  tbe  testing  of  tbe  relatlre  bomogenelt}-  of  the  tyx>es 
as  determined  by  specific  diverse  systems  of  claaaiflcatlon.  llie  method  em- 
ploj'cd  has  been  an  arithmetical  consideration  of  tbe  eight  constituents  com- 
monly present  in  rocks  as  represented  In  tbe  superior  analyses  collected  by 
Wiisblngton.  Tbe  grouping  of  these  analyses  was  baaed  on  that  proposed  by 
Iddings  for  ttie  normative  and  by  the  names  applied  by  different  authors  for 
the  modal  clasalDcatton. 

A  preliminary  study  included  the  empirical  examination  of  the  effect  of  tbe 
choice  of  few  or  many  einmples,  taken  at  random,  on  the  range  of  values  of 
the  severol  constituents.  This  shows  that  in  most  Instances  50  examples  give 
only  nppi-oximate  results  and  that  more  than  l.OO  examples  add  little  to  the 
observed  ranges.  The  quantities  of  the  several  constituents  were  tested  for  tbe 
range  In  actual  amount  and  the  ratio  between  oxides  and  groups  of  oxides  In 
the  analogous  groups  developed  by  tbe  normative  and  modal  claaaificatlona  re- 
sjiectlvely. 

The  method  applied  failed  to  show  that  the  Introduction  of  the  norm,  with 
Bubsequent  groupings  as  applied  by  Iddings.  gives  an  Improvement  in  chemical 
characterization  to  commensurate  groups  suOlelent  to  conu>enMite  for  the  loss 
In  other  characterising  factors.  F\>r  chemical  units  sninllpr  than  those  gen- 
erally recognized  In  the  classification  of  rocks,  the  normative  method  Is  capa- 
ble of  progressive  logical  reflnement  Imposdble  In  the  modal  classiBcatlou. 
involving  minerals  of  Isomorphic  series.  When  these  smaller  units  are  grouped 
together  tbe  chemical  characteriEatlon  Is  more  definitive  verbally,  but  not  actu- 
ally, and  probably  Inferior  to  results  obtainable  by  a  quantatlve  modal  olassifl- 
cation. 

As  a  method  of  dividing  cbemlcal  complexes  (rocks)  Into  groups  in  wblch 
!(ome  Inter-relationsblpa  of  constituents  are  fairly  constant  and  others  prncti- 
cally  disregarded,  the  normative  method  is  eminently  successful.  Tbnt  this 
success  In  tbe  grouping  of  rock*  Implies  not  only  that  tbe  particular  cbemlcal 
relnttonsblps  selected  are  more  fundamental  than  others,  but  that  they  are  also 
more  fundamental  as  characteristic  of  Igneous  rocks  and  more  valuable  than 
tbe  sum  of  all  of  the  modal  characteristics  combined,  since  tbe  normative  clnasl- 
tlciitlon  disregards  modal  characteristics  for  the  sake  of  bringing  out  \titb  re- 
finement the  few  chemical  characteristics.  E?en  BO,  tbe  actual  chemical  char- 
acterisation Is  not  appreciably  closer. 

Presented  in  abstract  by  the  author  from  the  manuscript. 
Discussed  by  Prof,  J.  P.  Iddings  and  Dr.  Whitman  Crose,  with  reply 
by  the  author. 
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PBOMATrTE,  BILEXITB,  AKD  APLITB  DIKE8  OF  \ORTUERS  SEW  YORK 
BV   WrLUAH  J.    MIIXEB 

iAbtlract) 

Addle  dikes  of  varlouB  types  are  abundantly  developed  In  many  portions  of 
tbe  AdlroDdack  syeDlte-Branite  series.  More  recently  it  bas  become  evident  to 
tbe  writer  ttiat  certain  generally  accepted  Interpretations  are  not  satisfactory 
wbeo  applied  to  tbeae  acidic  dikes.  It  is  proposed  to  use  the  term  "silexlte" 
for  all  masses  of  pure,  or  nearly  pure,  silica  genetlCHlly  related  to  pegmatite  or 
aplite  and  usually  of  dike  origin. 

Fegmatite.  slleiite,  and  aplite  dikes  are  wonderfully  displayed  In  almost 
countless  numbera  In  ttie  grauites  of  tbe  I^on  Mountain  quadrangle.  Some  of 
tbe  more  important  conclusions  resulting  from  tbeir  study  are  as  follows:  <1) 
by  far  most  of  the  pegmatites  consist  simply  of  quartz  and  potasb  feldspar, 
irith  minerals  indicating  tbe  former  presence  of  mlneralizers  otber  tban  water 
vapor  almost  entirely  absent;  (2)  pegmatite  and  allexite  dikes  are  rery  abun- 
dant in  a  flne  to  medium  to  fine-grained  fades  of  tbe  granite  and  relatively 
rare  in  a  coarse-grained  fades,  while  tbe  aplite  dikes  appear  to  be  practically 
conBued  to  tbe  coarse  granite ;  (S)  botb  pegmatite  and  sllexfte  masses  began 
to  develop  while  tbe  granite  magma  still  possessed  a  very  considerable  degree 
of  fluidity,  and  they  continued  to  form  until  tbe  enclosing  granite  almost,  or 
possibly  completely,  soltdlfled;  and  (4)  the  aplite  dikes  were  formed  during 
a  late  stage  of  consolidation  of  the  enclosing  granite,  but  none  as  early  as  the 
earliest  pegmatite  and  silexlte  masses  and  probably  none  as  late  as  the  latest 
pegmatites. 

Addle  to  ratber  baste  dikes  are  commonly  associated  with  many  of  tbe  Mmall 
gabbro  stocks  of  distinctly  later  age  than  the  syeulte^ranlte  series  In  tbe 
Adirondacks.  Detailed  studies  within  tbe  North  Creek  quadrangle  have  led  to 
tbe  following  conclusions:  (1)  acidic  masses  ranging  from  pegmatites  ricli  in 
quartz  and  potash  feldspar  and  with  or  without  tourmaline,  to  pegmatite  which 
la  mostly  potash  feldspar,  to  basic  pegmatite  consisting  chiefly  of  plagloclase 
with  more  or  less  bombtende.  to  aplite  dikes,  aud  to  even  nearly  pure  quartz 
<rilexlte),  developed  as  satellites  of  the  stocks  of  normal  medium -grained 
sabbro;  and  <2)  development  of  tbe  pegmatites  began  while  the  gabbro  was 
stlU  notably  fluid  and  continued  until  It  bad  almost  or  completely  solidified. 

Presented  in  abstract  by  the  author  from  notes. 

Diecoesed  by  Mr.  Arthur  Keith,  Prof.  J.  P.  Iddings,  and  Dr.  Whitman 
Cross. 

MAQXETIC  IROS-ORE  DEPOSITS   OF  CLISTOK   COUXTT,  XBW   TORE 
BT   WILLIAll  J.    IIILLEB 

{Abttract) 

First,  the  magnetic  deposits,  Including  those  of  the  Lyon  Mountain  mines, 
win  be  considered  from  the  standpoint  of  mineral  resources  for  war  needs  and 
po«t-war  reconstruction.     Empbasla  will  he  placed  on  the  extent  of  the  ore 
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iKiIlvM.  llwlr  «x<.vUeiw«  for  tbe  productloa  of  blgh-grade  Besaemer  Iron,  and 

Sm»uU.  tlt«  ohmV  of  occurrence  and  origin  of  tbe  ores  will  be  discussed.  In 
alt  >•(  (hv  Hftvvu  «t  twenty  mining  localities  studied  by  the  writer,  tbe  ores.  In 
llu'  forui  tt  IrrvsulAT  masses,  lenses,  or  bands,  usually  wltb  Indefinite  boond- 
Hi  ic^  Wfiv  t>t>tierved  to  be  In  close  aaBoclation  with  a  flue  to  medium  grained 
niuiiiits  vliJtvt  hornblende  gneiss  or  gabbro,  and  pegmatite.  Evidence  will  t>e 
■•ii->t'uiv<a  to  MUt>iH>rt  the  Tiew  that  the  ores  are  not  straight  magmatic  aegre- 
i.iiiou  (h-iHMlls,  but  tbat  they  are  direct  results  of  tbe  process  of  pegmatUa- 
tii'u,  lliv  iH't'M  |m>(iably  having  been  largely  or  wholly  derived  from  the  old 
iu>i<  t  ti'h  hot'Utdcnde  gneiss  or  gabbro. 


rit-M'titf\t  ill  abstract  by  the  author  from  not«s. 
I '.« »i-«i-vt  liv  Dr.  Wliitman  Crotw. 

V'ltt-itioau'iil  tor  the  day  was  taken  about  4.45  p.  d 


Skh!11(im  of  Fbiday  EvEifma,  Decembeb  27 

I  ■!,-  ou'iiiiix  «-f*-oiuii  consisted  of  a  round-table  discnseion,  held  in  con 
,,.,'a  ttiih  tlu>  annual  subscription  smoker,  at  the  Southern  Hotel. 
K  ;ii  .■iw  huiitlrtMl  and  twenty-five  members  of  tbe  Qeological  Society 

\inii>rt.  I'uWutological  Society,  and  ABsociation  of  American  Geog- 

.i.-.x  tiii'l.  uiultT  the  chairmanship  of  Prof.  Bailey  Willis,  and  listened 

I,    oilovtuiK  )>a)x>r: 

i,.i.>'*«ir»).V   l!f   dDVASCBD   aSOLOeiO   IS8TRU0TI0K 


{Abstract) 

I  ^utttfiutlN  llin'o  ways  In  wblcb  advanced  Instruction  and  &cUltIefl 
I  iH  KtHtloii.v  might  be  Improved  r  1.  Organise  at  a  few  InsUtutlonB 
skiUu'til"  of  giMilogy  than  now  exist  at  any  Institution.  2.  Arrange 
1  w'l^'^'l  fai'Hllles  In  a  group  of  neighboring  Institutions  having 
iiii»'iili  of  inH)logy,  to  the  end  that,  for  example,  one  university 
'.•4>  »lii»ttHf"l'liJ'-  another  economic  geology,  and  arrange  for  free 

>ii  am,|,>ttiit.  it.  Kncournge  the  departments  of  geology  In  ednca- 
MkK>tM.  (ho  I'niteil  States  Geological  Survey  and  State  surveys  to 

Hii.niv'HiB  Hiiil  managing  one  or  more  efficiently  organised  field 
'x.UiKv  Ml  wblcb  Mhould  be  required  of  alt  students  who  plan  to 
iv\i^itu«Ml  miitiwInH.  It  is  recommended  tbat  such  a  cooperative 
K>  tiiKiiiitst'd  HM  Hoon  as  practicable  in  order  to  overcome  a  recog- 
.,««  lu  (.rwH-nt  giHiIoglc  training. 
I  Un'K\>rv'ti  paper  was  followed,  on  call  of  the  chairman,  by 

I'nifcM*'!'!'  Charles  P.  Berkey,  George  F.  Kay,  J,  C.  Herriam, 
m  M.  l^vii. 
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Sessiox  op  Satuiiday  Mobxino,  December  28 

The  Society  was  called  to  ordetj  about  9.30  o'clock,  by  President  Cross, 
hIio  called  for  the  presentation  of  the  report  of  the  Auditing  Committee. 

REPORT   OF  AUDITING   COUUITTEE 

The  Auditing  Committee  reports  that  It  has  checked  the  accounts  of  the 
Tmsnrer  and  found  the  cash  balance  as  stated  In  the  printed  report.  Items 
of  dteburoements  have  been  compared  with  the  vouchers  therefor.  Interest 
an  inrestmraits  bas  been  paid  In  full.  The  securities  listed  will  be  later  ex- 
imlned  br  one  of  the  committee  and  his  report  thereon  forwarded  to  the 
Sfcretary.' 

(Signed)  Benbt  B.  KUuuei. 

W.    0.    MEnDBNBUl. 

Edwabd  W.  Bbbbt. 

The  printed  report  of  the  Council  was  then  taken  from  the  table  and, 
on  motion,  duly  made  and  seconded,  was  approved.  After  sundry  an- 
nouncements by  the  Secretary,  the  reading  of  scientific  papers  was 
taken  up. 

TITLES  AKD  ABSTRACTS  OP  PAFEK8  PRESENTED  AT  TUE   ETENINB  SESSION 

AND  DISCUSSIONS  THEREON 

HIOH-aRADE  CLATS  OF  THE  UlflTED  BTATB8 


{Attttract) 

The  United  States  requires  a  large  amount  of  high-grade  clay  for  use  in 
'craoiic  and  other  Industries.  Much  of  this  was  formerly  Imported  from  En- 
rop*.  but  the  foreign  sources  of  supply  having  been  partly  shut  off  by  the  war, 
IE  las  become  necessary  to  draw  on  domestic  supplies  as  far  as  possible. 

It  has  been  found  that  domestic  clays  can  replace  lm[torted  ones  to  a  larger 
otMit  than  hitherto  practiced,  and  there  are  probably  abundant  reserves  In 
the  United  Stales. 

White  residual  clays  are  developed  from :  1,  pegmatite  veins,  In  North  Caro- 
lina :  2,  Cambrian  schists,  In  southeastern  Pennsylvania ;  3,  Cambrian  quarts- 
it«s,  In  central  Pennsylvania :  4,  Cambrian  shales.  In  Virginia ;  5,  Cambrian 
UnKstones,  In  Missouri,  and,  0,  Oriskany  shales  and  limestones,  in  Pennsyl- 
Taali.    Tbese  supply  the  china,  paper,  and  paint  Industries. 

'  Slaee  the  mmtlnK  tht  Becrctarr  has  received,  under  date  of  Jaooary  0,  1919.  the 
laJlnriiis  cominiuikatloa : 

"i)!!  faebsll  of  the  Aadltlog  Committee  oC'tbe  Geological  Boeletr  o(  America,  I  exam- 
Iwd  on  Jannary  4,  1919.  the  •ecnrltlea  of  tbe  Bodety  Id  the  sate-depoalt  box  at  tbe 
Baltimore  TroM  Company  and  found  tbem  to  be  aa  Hated  in  the  printed  report  of  tba 
Tntinrer  (proper  coapona  attached). 

"(Sisned)  Suwaav  W.  BnsT." 
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In  Georgia  and  South  Carolin&  there  are  abondant  d^NMlta  of  wblte  sedl- 
mentarj  clays  of  Cretaccona  age  of  value  to  tbe  pottery,  paper,  and  paint  In- 
dustries. 

In  Florida  tbe  white  sediments rj-  Tertiary  clays,  so  valuable  in  tbe  white- 
ware  Industry,  contain  abundant  reserves. 

The  States  of  Ulsaissippl,  Tennessee,  Kentucky,  and  Illinois  are  supplying 
large  quantities  of  refractory  band  clays  from  the  Wilcox  formation,  whldi 
are  specially  interesting  because  they  can  replace  much  of  the  clay  for  grapblte 
crucibles  and  glass  pots,  formerly  obtained  from  Germany. 

PreBented  in  abstract  from  notes. 

OCCURKEKCE  AND  ORIOIK  0 


BT  FBKDBRICK  B.  PECK 

(AUtract) 

Hie  clay  occurs  below  an  arch  In  the  coarse  Orlskany  aandatoiie,  which  ardi 
runs  northeast-southwest  along  the  north  side  of  Chestnut  and  Cherry  ridges. 
In  Monroe  County,  Pennsylvania.  Hie  anticline  pitdies  to  the  southwest.  To 
the  northeast  the  sandstone  roof  has  been  removed.  To  tbe  southwest  It  is 
more  or  less  Intact. 

The  clay  has  resulted  from  local  alteration  of  calcareous  shales  (Stormvllle 
aeries)  and  clayey  Itmestonea  (BosBardsvUIe  limestone)  beneath  the  Oriskany 
arch.  Before  removal  the  arch,  with  Impervioua  beds  above,  acted  as  a  re- 
ceiver under  which  the  CO,  gas,  resnltlng  from  the  decomposition  of  the  lime- 
stone, accumulated  under  pressure,  hastening  and  thoroughly  completing  the 
decomposition  of  the  shales  and  llmestoneB.  Prospects  to  the  southwest,  where 
the  roof  of  the  arch  is  more  or  less  intact,  encounter  CO,  gas.  In  one  case  It 
escaped  so  rapidly  and  in  sucb  quantities  as  to  drive  the  workmen  from  the 
opening.  The  sound  of  the  escaping  gas  was  distinctly  audible  and  resembled 
tbe  escape  of  air  from  the  valve  of  an  automobile  tire.  Numerous  fossils  of 
Helderberg  age  are  foood  In  the  days. 

All  of  the  Important  occurrences  of  the  white  clay  are  along  the  course  of 
an  ancient  drainage  system,  remnants  of  which  are  seen  In  the  Wind  Gap. 
south  of  Saylorsburg.  and  in  the  low  points  in  Chestnut  and  Cherry  ridges  at 
Saylorsburg  and  east  of  Mount  Eoton. 

Presented  by  title  in  the  absence  of  the  author. 

on,  OBOI.OOr  IK  nBLATIOK  TO  VALUATIOH 
BT   B&I.P11    ABNOLP 

iAbttract) 

A  summary  of  results  obtained  and  conclusions  reached  In  the  course  of 
luTestlgatlons  undertaken  for  the  United  States  Department  of  the  Treasury. 

PreEente<]  by  title  in  tlie  absence  of  the  author. 

>  PrcHpntpd  irltb  permlsilon  o(  the  State  Geologist. 
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ROCK  PB0DV0T8  iVD  THB  WAR 


(AbitracI) 

As  the  subject  "war  minerals"  has  been  generally  used  to  designate  war- 
scarce  minerals,  attention  haa  naturally  been  focnased  on  tbese,  and  it  If 
doubtful  if  many  realize  how  indlBpeneable  a  part  euch  cominon  things  as 
stone,  lime.  eUy,  sand,  and  gravel  have  played  in  winning  the  war. 

Limestone  was  by  far  the  moat  Important  of  these.  95,000,000  short  tons  ol 
It  being  used  In  191T.  Of  tbis  quantity  more  than  25,000,000  long  tons  were 
used  for  furnace  fius,  26.000.000  short  tons  fur  tTuabed  stone,  23,000,000  short 
tons  for  Portland  cement,  and  7.500,000  short  tons,  either  raw  or  burned,  for 
cfaemtcal  use  In  a  great  number  of  industries,  most  of  which  were  essential  In 
rime  of  war.  Besides  meeting  the  greatly  Increasefl  demand  for  chemical  use, 
liniestone  and  dolomite  supplied  B|>ecial  demands  formerly  supplied  by  im- 
ported materials.  Most  Imiiortant  of  these  was  the  substitution  of  dead- 
liumed  dolomite  for  Austrian  magueslte. 

Quartzlte.  whose  principal  product  was  ganlster  or  silica  brlcb  for  refrac- 
tory use.  Increased  In  output  50  i)er  cent  In  1916  and  51  per  cent  in  1917. 
Sandstone  was  also  used  for  lining  Bessemer  converters,  and  consolidated  sand 
and  gravel  took  the  place  of  special  grades  of  European  sand  and  flint  grind- 
ing pebbles. 

Of  the  Igneous  rockH  vesicular  basalt  replaced  a  German  basalt  formerly 
a»ed  in  paper-making  machinery,  and  granite  gave  promise  of  being  success- 
fully used  In  proposed  nltrlc-acld  towers,  plans  for  whose  erection  were  can- 
celed soon  after  the  signing  of  the  armistice.  Mica  schist  for  refractory  nse 
increased  output  from  40,000  tons  in  1917  to  150,000  tons  In  191& 

In  short,  our  rock  products  have  been  sufficient  to  meet  the  war  require- 
ments, and  brliig  us  to  realize  more  strongly  than  ever  that  abundance  and 
diversity  of  these  accessory,  as  well  as  the  primary,  mineral  resources  is 
essential  to  our  Industrial  Independence. 

Preeented  in  full  extemporaneously. 

llA\aAXESE  ORE  AS  A  WAR  MIUBRAL  " 


t  Abstract) 

Although  It  was  widely  realized  early  In  1017  that  only  proper  use  of  avail- 
able ships  wcnild  permit  maximum  military  effort  by  the  Allies,  plans  to  con- 
serve ships  by  restricting  Imports  of  minerals,  such  as  manganese,  pyrlte,  and 
chrome,  were  only  put  into  effect  after  eleven  montbs  of  war.  Studies  of  these 
iodofltrles  were  submittal  by  several  governmental  bureaus  to  the  on^anlza- 
tlons  directing  war  activities,  between  June  and  September,  ]i»17,  but  final 
action  to  restrict  Imports  was  taken  in  March,  1018,  by  the  Committee  on 
Mineral  Imports  and  Exports  of  the  Shipping  Hoani.  formed  In  January.  1018. 
Kestrlctloiia  were  accompUsbed  by  using  the  licensing  power  of  the  War  Trade 
Board,  at  first  conferred  in  June,  lOlT,  to  control  trading  with  the  enemy. 

VII— BcLl,  GcOL.  Soc.  Am.,  Vol.  30,  1918 
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AS  domestic  manganese  depoHlte  had  supplied  bat  a  small  part  of  the  needed 
ore  since  1802.  It  was  difficult  to  convince  tttose  cbarged  wltb  maintaining 
supplies  for  the  Industries  that  the  known  domestic  deposits  were  capable  of 
suppl^^rg  a  considerable  part  of  the  needed  ore.  This,  togethei-  with  the 
slightly  Inferior  quality  of  most  of  the  domestic  product,  greatly  hindered  tht 
maximum  rate  of  production  until  the  summer  of  1S18.  During  lOlS  domestic 
mines  supplied  about  one-third  the  needed  high-grade  manganese  ore. 

Presented  ia  full  eztemporaneooBly. 

BCONOUIC  LIUtTS  TO  DOUEBTW  IXDBPBSDESCE  IX  IIIHSRALS 

BT  OEOKOB  OTIS  SMTTH 

(AbalrOoO 

Tbe  war  demands  placed  on  the  United  States  created  many  new  problems 
In  connection  with  the  supply  of  raw  materlalH.  To  meet  the  war  demand  for 
every  mineral  raw  material  was  the  larger  task  set  before  the  mbieral  indus- 
try, and  tbe  degree  of  success  attained  and  Its  cost  are  the  basal  facts  in  any 
Inquiry  as  to  the  economic  limits  that  must  be  recognized  in  developing  the 
domestic  supply.  Both  economic  law  and  business  sense  were  being  applied 
to  new  problems  and  In  new  ways  In  obtaining  the  raw  materials  for  a  na' 
tlon's  expanded  Industry.  Under  these  special  conditions  of  siqtply  and  de- 
mand some  minerals  have  taken  on  new  values — Indeed,  certainty  of  supply 
has  bad  larger  significance  than  price. 

The  war  program,  with  Its  reaction  on  Indostry,  hag  opened  the  eyes  of 
many  to  old  facts.  Mineral  raw  materials  have  won  a  recosnltlon  based  on 
the  new  realisation  of  their  value.  De  Launay's  recent  end  apt  characteriza- 
tion of  coal  and  Iron  as  the  two  "grand  seigneurs"  of  the  mineral  world  la  In 
strong  contrast  with  the  ancient  Idea  of  nobility  among  metals.  The  new 
measure  of  value  Is  usefuluess. 

Economic  geology  Is  useful  geology — the  theoretical  science  applied  to  meet 
the  material  needs  of  man.  These  human  needs  as  presented  In  tbe  last  four 
years  have  demanded  a  specialized  type  of  geology — the  application  of  geology 
in  terms  of  commerce.  Geology  to  be  most  useful  In  these  days  of  world  prob- 
lems must  take  the  world  view  of  values,  and  we  find  onrselves  working  In 
commercial  geology—tbat  Is,  geology  applied  In  terms  of  commerce.  Tbe  world 
is  the  field  of  commerce,  and  tbe  requirements  of  commercial  geology  are 
simply  that  the  geologic  relations  of  a  Nevada  ore  deposit,  for  example,  most 
be  observed  wltb  an  eye  trained  to  see  far  beyond  the  basin  range;  the  geolo- 
gist needs  to  compare  the  quality  and  quantity  of  the  unmlned  ore  here  with 
similar  facts  of  nature  that  give  value  to  the  ores  In  other  districts,  as  in 
Peru  or  Burmn. 

Geology  must  needs  continue  to  furnish  the  basal  facts,  but  the  geologist 
has  a  call  to  go  further  than  be  bas  gone  heretofore  lu  the  interpretation  of 
his  facts — not  .simply  by  translating  his  technical  words  Into  the  langung?  of 
the  market-place,  but.  more  than  that,  by  showing  the  relation  of  geology  to 
national  life. 

The  pracHcttl  question  concerns  not  simply  the  quantity  of  metal  present  lo 
the  ore.  but  the  quantity  that  can  be  won  to  the  profit  of  mankind.    First  itf 


)vGoo<^lc 


TITLES    AND    ABSTRACTS   OT    PAPERS  99 

ill,  then,  la  Sxlng  the  ecoDomic  limits  to  tbe  uUUBatloD  of  domestic  mineral 
dtpoatta.  Games  tbe  balaadnK  ot  coat  of  prodactlon  wltb  tbe  value  of  tbe 
prodnct 

'Hie  proper  valuation  of  national  Independence  In  raw  materiats  therefore 
reqolreB  a  carefnl  weighing  of  the  emergency  factor,  which  Introdncee  the 
Inanraiice  Idea,  as  well  aa  an  eettmatliig  of  future  posalblUtlea  of  lower  costs 
aa  tbe  Industry  develops.  The  incidental  or  the  ultimate  advantage  may  be 
so  targe  as  not  to  be  seen  b;  those  who  take  too  close  a  view  of  cost  accoont- 
log  or  are  short-sighted  In  their  outlook  on  the  nattou's  business.  The  eld 
niDtradlctloD  of  penny-wise  and  pound-foolish  holds  true  today  In  matters  of 
cents  and  'dollars. 

A  composite  diagram  of  either  current  output  or  future  reserves  of  the 
eiwentlal  minerals  for  the  countries  of  the  world  would  show  so  large  a  cen- 
tralisation In  North  America  as  to  suggest  that  here  is  a  group  of  nature- 
favored  nations.  This  strategic  advantage  expresses  itself  In  the  well  recog- 
nized large  degree  of  self-sufflciencf  of  tbe  United  States,  so  that  the  question 
of  economic  limits  to  domestic  independence  concerns  a  relatively  small  num- 
ber of  minerals  and  makes  our  problem  quite  dltferent  from  that  In  other  and 
less  favored  nations.  However,  whether  the  debatalile  list  Includes  only  chro- 
mite,  manganese,  pyrlte,  and  potash  or  Is  much  longer,  clear  analysts  of  the 
economic  problem  Is  needed,  for  cost-keeping  on  a  national  scale  Is  the  only 
safeguard  against  a  loss  which  la  real,  even  though  not  at  once  apparent 

It  is  true  that  the  measure  of  economic  worth  must  be  the  welfare  of  the 
Individual,  the  community,  and  the  people  of  the  nation,  and  not  the  dollar 
of  profit  to  the  corporation  or  the  State,  yet  only  a  successful  Industry  can  be 
niade  to  serve  both  owner  and  workman  and  the  public  as  well.  If  the  product 
Is  not  actually  worth  its  whole  cost,  no  camouflage  of  bounty  or  tax  exemp- 
tion or  Import  duty  will  long  conceal  the  Inherent  weakness  of  the  Industry. 
Tbe  basic  Importance  of  tbe  raw  material  resources  to  the  country  makes  it  a 
prime  public  duty  of  t^tlsens  generally  to  know  the  facts  regarding  the  min- 
eral industry,  and  to  ascertain  these  facts  the  Intensive  study  of  our  own  re- 
wnrces  Is  not  enough;  we  must  also  acquire  a  comprehension  of  what  min- 
erals other  countries  contain  to  supplement  what  we  have  at  home. 

H^ad  in  abstract  from  manuecript. 

DiSCTTSSION 

Dr.  G.  F.  LouGHUx :  Following  Doctor  Berkey's  remarks.  It  appears  that 
more  team-work  In  geology  Is  required.  There  are  geologists  and  geologists. 
Some  are  particularly  adapted  to  certain  lines  of  research ;  others  more  In- 
clined to  industrial  application  of  geologic  results:  others  perhaps  who  have 
not  concentrated  In  specialties  may  be  well  adapted  to  administrative  or  some 
I'lher  line  of  work.  While  these  different  men  may  have  cooperated  more  or 
li>ss  in  the  past,  they  need  to  keep  In  closer  touch  with  each  other  now,  and 
filso  to  keep  In  closer  touiA  with  technologists  and  commercial  organizations 
It  geology  In  Its  many  branches  is  to  be  of  the  greatest  service  to  the  public. 

Dr.  F.  E^  Wbight:  There  is  a  tendency  at  the  present  time  to  empbaslic  the 
ntllltarian  aspects  of  science;  research  Is  measured  by  its  "usefulness."  This 
attitode  Is  Justified,  provided  the  quality  of  usefulness  is  gauged  correctly. 
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l%ere  la  a  short-range  nsefnlness  which  satlsfiea  an  urgent  present  demand 
and  Is  successfnl  to  the  eit«Dt  that  It  meets  the  need  as  seen.  There  Is,  on  tbr 
other  hand,  a  loDg-range  usefulness  which  Alls  no  present  need  and  whlrh 
might  be  count«d  useless,  but  which  In  time  may  prove  to  be  of  far  grear^r 
value  than  the  short-range  variety;  thus  the  work  of  Faraday  and  Ma^cwpil 
•in  electricity  laid  the  foundation  for  modem  electrical  devetopmeut.  UtclodiDi; 
wireless  telegraphy  and  telephony,  and  yet  Maxwell's  work  Is  highly  nuthe- 
matlcal  and  abstract  In  the  extreme.  Practical  men  and  the  public  In  gent-ral 
have  little  sympathy  and  appreciation  for  "pure  research,"  as  they  term  it. 
and  yet  the  greatest  and  most  unexpected  economic  advances  have  result*^ 
from  abstract  research  rather  than  from  studies  of  direct  practical' bearing. 

Great  Industrial  corporations  are  learning  to  view  research  properl.T  and 
employ  in  their  laboratories,  in  addition  to  technical  experts  and  routine  U>-- 
tory  men,  BClentista  on  abstract  research,  from  jtvhicb  no  Immediate  application 
or  commercial  return  Is  expected.  The  task  t>efore  Indnstrlal  and  goTern- 
mental  organizations  is  to  strike  the  proper  balance  between  short-range  and 
long-range  research,  such  that  the  commercial  or  popular  demand  Is  met  and 
yet  a  continuous  stream  of  results  from  Investigations  into  fuudamental  prtn- 
ciples  la  maintained,  from  which  ultimately  far-reaching  practical  applications 
will  flow.  It  requires  a  mind  of  vision  to  establish  this  balance ;  the  narnm- 
minded  man  considers  only  the  Immediate  yield  of  tangible  results.  The  wort- 
man  is  paid  according  to  the  quantity  and  quality  of  hie  dally  labor.  The  man 
of  research,  on  the  other  hand,  may  not  obtain  the  results  he  Is  seeking  for 
months  or  even  years :  bnt  he  Is  necessarily  a  man  of  adaptability  and  re- 
source, and  If  placed  In  executive  positions  will  function  better  than  the  man 
of  limited  vision.  In  large  organizations  the  man  of  research  is  liable  to  1>e 
engulfed  by  executive  tasks  which  pay  better  and  are  better  appreciated  liy 
the  business  world.  Abstract  research  Is  not  generally  recognized  as  public 
service  of  the  highest  kind  and  Is  commonly  poorly  paid ;  It  takes  patriotism 
and  enthusiasm  of  a  high  order  for  an  eflSdent  investigator  to  remain  nt 
research. 

The  record  which  scientists  have  made  during  the  present  war  In  soKinc 
Industrial  problems  has  been  excellent,  and  many  manufacturers  appreciate 
now  the  advantages  of  scientific  control  within  the  factory.  They  are  ofTeriiiir 
scientists  factory  and  executive  positions  and  scientists  are  naturally  ansn-pr- 
Ing  the  call.  This  situation  has  many  favorable  features,  but  steps  fhonlil  1>e 
taken  to  counteract  the  tendency  to  absorb  tbe  l>est  research  men  in  this  man- 
aer;  otherwise  mnch  research  will  be  lost  which  might  be  of  the  greatet^t 
value  and  this  country  will  lag  behind  others  and  be  placed  at  a  dlssdvantagr. 
The  conservation  of  research  men  for  research  Is  a  critical  task  at  tbe  present 
time. 

Remarks  were  also  made  by  Jlessrs.  Whitman  Cross,  J.  P.  IdtlinfH, 
J.  Barrell,  C.  P.  Berkey,  and  D.  White,  with  reply  by  the  author. 

ISfPEKIAL   lll\EltAL   KEHOVRCEd   BIHEAV.  LOKDO.V,   BKQLAyD  '■ 


Presented  by  title  in  the  absence  of  the  author. 
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"ae  important  reason  for  the  recent  war  was  the  commercial  and  lndn?[rlal 
'^prrniac?  of  Germanf.  In  "Germany's  Commerdnl  Orlp  on  the  World"  Hau- 
■rr  shows  the  condlttonH  that  were  potent  factors  In  canslng  the  war :  First, ' 
thr  'Midden  rise  In  German  Industry,  which  has  necessitated  the  organization 
"( a  drastic  cartel  system  to  combat  the  dangers  of  unlimited  competition  en- 
•t'dti  by  orerproductton ;  second,  the  further  relief  of  this  overproduction  by 
■)«as  of  foreign  "dumping,"  and,  third,  the  temptation  to  stabilize  a  some- 
'bai  shaky  flnandal  fonndation  by  the  accession  of  foreign  capital. 

The  "Fnture  of  German  Industrial  Bxporbt."  by  Herzog,  sets  forth  the  means 
k  vhich  Germany  proposes  after  the  war  to  regain  her  former  commercial 
]>''ith>u.  Certain  German  industries  that  are  Indispensable  to  some  foreign 
■■■'Mitrles  are  to  be  placed  under  State  protection  In  such  a  way  that  it  may  be 
[■-sible  without  killing  the  InduBtry  to  place  an  absolute  embargo  on  Its  nur- 
tpt  la  Boy  foreign  country  which  has  shown  Injurious  discrimination  against 
in^nnaDf.  In  post-war  commerclsl  treaties  Herzog  demands,  In  addition  to  an 
'{VD  door  for  German  trade,  all  kinds  of  special  provisions  operating  to  the 
I'MK'fit  of  German  trade  in  order  that  It  may  be  safeguarded  in  every  possible 

Cuinpftrison  of  the  production  of  the  United  States.  Great  Britain.  France. 
ud  Germany  in  the  five  most  Important  minerals,  namely,  coal.  Iron,  copper. 
l^d.  and  ilnc.  shows  that  the  United  States  leads  in  all  five,  while  Germany 
ia>i  Gmt  Britain  divide  the  control  of  production  among  the  three  European 
latinos  The  United  States,  by  means  of  her  large  Imparts,  holds  the  dominant 
iridustrlal  control  of  raw  materials,  but  among  European  nations  Germany,  by 
BMDs  of  her  imports,  has  acquired  the  foremost  place  in  all  except  the  lead 
Wintry. 

France  was  handicapped  by  ber  deficiency  In  mineral  resources.  By  the 
»Mnntlon  of  Alsace-Lorraine  she  will  obtain  75  per  cent  of  Germany's  output 
■■!  imp  ore,  but  will  still  be  deficient  In  coke  to  treat  these  ores.  De  Lannay, 
o  'France  Allemagne."  calls  attention  to  the  fact  that  France  can  not  obtain 
ibai  coal  from  Great  Britain  on  account  of  the  cost  of  transportation  and  that 
i;  must  be  drawn  from  Germany.  Iron  and  steel  must  be  exported  to  Germany 
ifaow  France  has  not  the  necessary  coal  to  work  them  up  into  finished  prod- 
'i'-r<.  even  If  she  should  acijalre  the  Saare  coal  district.  Special  provision 
!ua«T.  iherefore.  be  made  to  admit  French  Iron  and  steel  Into  Germany  duty 
In*. 

MacFsrlane,  In  "The  Economic  Basis  of  an  Enduring  Peace."  suggests  the 
'^l>r<qirlatIon  of  the  Weetphallan  coal  fields,  but  acknowledges  that  by  the  loss 
■■f  hfr  iron  ore  and  coal  Germany  would  be  completely  wrecked  as  an  Indus- 
'"ial  power  and  that  undue  Industrial  supremacy  would  accrue  to  France.  He 
<i»*tf  that  Germany  be  given  control  of  Turkey  in  Asia  in  order  that  she 
aiir  draw  from  the  mineral  resources  of  Asia  Minor  sufficient  raw  material  to 
•  rB!me  her  Indnstries. 

'  [Miudiicfd  by  C.  K.  Leith. 
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Freocb  offldat,  BpiAves  Indicate  tbat  the  post-war  industry  in  tnngsten,  tin, 
and  phoapliates  -f  Ul  be  cbieflj  in  the  hands  of  the  Allies,  and  that  efforts  should 
be  made  to  p^Ve'nt  Oennany  from  participation  In  control  of  these  iDdnstries. 
These  ^pggestions  are  Interesting  possibilities  for  post-war  regulation  of 
mi^^al  ioSustries.  Nevertheless,  we  should  remember  that  health;  Industi? 
wl4I'{ijwarB  be  gOTerned  to  a  large  esteat  by  the  laws  of  supply  and  demand. 
.  We'tnoet  prevent  Germany  from  becoming  the  domlaant  Industrial  market  ol 
'.-the  world,  but  the  result  should  be  attained  not  so  much  by  choUng  German 
'  Indnatry  at  its  source  as  by  fostering  and  sustaining  our  own  industries  until 
they  can  successfully  compete  with  Germany  In  her-own  field.  If  eacb  indl' 
ridual  nation  shall  come  to  reallEe  that  she  owes  it  both  to  herself  and  to  the 
world  to  fully  develc^  her  resources  and  her  efficiency,  not  selfishly,  In  ordei 
that  she  may  swell  her  own  power  to  the  extermination  of  industrial  develoi^ 
meat  in  other  nations,  but  generously,  so  that  each  nation  may  fulfil  the  share 
of  human  welfare  Imposed  on  her  by  nature,  then  and  then  only  the  grent  wai 
may  bring  forth  lasting  good  to  the  human  race. 

Bead  in  full  from  mannecript. 

Discussion 

Dr.  E.  8.  Babtin  :  Miss  Bltss  has,  I  think,  sounded  a  keynote  for  the  futun 
In  the  appeal  for  an  unselfish  use  of  our  natural  resources.  "Economic  inde 
pendence"  has  acquired  the  force  of  a  slogan  during  the  war,  and  now  at  tbi 
close  of  tbe  war  Is  already  being  used  as  an  argument  for  protective  tarlll 
legislation.  Tn  loramlatlng  our  attitude  toward  these  questions  let  us  remem 
her  that  our  great  part  in  the  war  has  been  conditioned  not  so  mocli  on  tbi 
fact  that  our  resources  were  adequate  for  our  own  needs  as  on  the  fact  tha 
Ihey  were  more  than  adequate,  so  that  we  were  able  to  contribnte  largely  t> 
the  needs  of  our  Allies.  Further,  our  voluntary  restriction  of  Imports  durln) 
the  war,  with  Its  attendant  efTorts  to  further  develop  home  resources,  n-ai 
designed  to  free  ships  for  the  transport  of  troope  and  supplies;  It  was  no 
inaugurated  for  the  purpose  of  developing  borne  Industries  and  will  not  b 
continued  for  such  pniposes  alone.  Great  natural  resources,  like  large  persona 
inheritances,  bare  no  virtue  except  as  they  strengthen  and  ennoble  the  nations 
character;  unless  they  are  properly  used  they  build  "fat,"  not  "brawn."  Th< 
great  events  of  the  past  two  yenrs  show  nothing  more  clearly  than  the  opixii 
tunltles  and  duties  of  enlarged  Intercourse  with  the  rest  of  the  world,  am 
trade  is  the  material  basis  of  such  intercourse.  The  resources  we  cast  on  tb< 
waters  In  foreign  trade  may  prove  fully  as  important  to  our  national  welfare 
and  vastly  more  Important  to  the  world's  welfare  than  those  we  consume  B 
home. 

Miss  Eleanoba  F.  Buss  :  It  should  be  borne  In  mind  that  France,  In  ordei 
to  develop  her  recently  acquired  mineral  resources,  must  have  coal.  The  necea 
sary  coal  can  be  drawn  only  from  Germany.  If  Germany  furnishes  to  Pmno 
sufficient  coal  for  complete  development  of  French  Industry,  she  will  be  def 
dent  In  coal  for  her  own  needs.  On  the  other  hand,  If  France  should  espor 
her  Iron  and  steel  to  Germany  for  treatment,  the  French  Iron  and  steel  wouli 
suffer  In  the  German  market  by  competition  with  the  product  of  the  I.usem 
burg  fomaces  which  is  admitted  fo  Germany  duty  free.    The  problem  is  essen 
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dally  bow  to  fnmUh  France  with  saffident  coal  without  nndaly  wrecliing 
Gemum  Industrr- 

Remarks  were  also  made  by  Messrs.  G.  0.  Smith,  J.  B.  TTmpleby,  and 
W.  H,  Emmons,  with  reply  by  the  author. 

WAR-TIME  DBVELOPMBST  OF  TBB  OPTICAL  INOV8TRT 


{Abltract) 

A  brief  description  was  given  of  tbe  derelopmeut  and  rapid  expansion  of  the 
optical  glass  and  Instrument  Indnstry  to  meet  war  needs.  Special  reference 
was  made  to  tbe  metbods  adopted  to  accoropUsb  this  resnlt  and  to  solve  tbe 
maur  problems,  such  as  tbe  manufacture  of  optical  glass,  tbe  training  of  skilled 
operatives  in  precision  optics,  which  confronted  ub  on  our  entrance  Into  tbe 

Presented  in  abstract  from  notes. 

Disctissed  by  Prof.  W,  H.  Emmona,  with  reply  by  the  author. 

OEOLOaia  AND  PREaBtiT  CLlUATBa 


BT    AUADBCB    W.    OSABAU 

lAbstract) 

In  a  prevloua  communication  tbe  author  has  discussed  tbe  Interrelations  of 
some  oil-producing  and  oll-bearlng  formations  of  the  North  American  Paleo- 
zoic. Continued  study  of  the  stratlgrapby  of  oll-bearing  formations  has  showa 
that  at  least  tbe  more  Important  European  Tertiary  oil  formations  indicate 
deposition  in  more  or  less  Inclosed  basins  of  tha  Black  Sea  and  the  Karabugae 
tfpes,  and  that  tbe  source  of  tbe  petroleum  Is  to  be  sought  In  the  abundant 
destractlon  of  life  chiefly  of  pelagic  types,  which  were  carried  Into  these  Inclosed 
basins,  where  scavengers  were  absent  Such  appears  to  be  tbe  origin  of  tbe 
petroleum  of  tbe  Alsace-Lorraine  basin,  to  which  the  author's  field  studies 
were  conflned,  bnt  a  detailed  conslderatioa  qf  tbe  Tertiary  stratigraphy  of  tbe 
Gallcian,  Roumanian,  and  Caucasian  regions  Indicates  a  similar  origin  for  tbe 
petroleum  deports  of  those  districts.  Tbe  very  general  association  of  these 
petroleum-bearing  strata  with  salt  deposits  is  resided  as  highly  significant. 
That  tbe  diatomaceoua  sediments  of  the  California  oil  fields  are  deposits  in  In- 
closed barins,  free,  because  of  tbe  nature  of  tbe  water,  from  animals  which 
would  devour  tbe  organic  matter,  rather  tbnn  deposits  In  the  deep  sea,  seems  to 

'  Introdaced  by  E.  O.  Hovej. 
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be  indicated  by  tbe  nature  of  tbe  sediments  as  well  os  by  the  Tertiary  blstoo' 
of  tbe  west  coast  region. 

Presented  by  title  at  the  request  of  the  author. 

PHOSPHATE  ROCK  AN  ECONOUIC  ARilT 
BT  B.  W.  STONE 

{Abitract ) 

Tbe  United  States  is  tbe  largest  prodncer  ot  pliospbate  rock  In  the  world.  It 
bas  also  been  a  beavy  exporter.  In  pre-war  years  sending  upward  of  a  million 
tons  anuaally  to  Europe.  Second  only  to  tbe  ITnited  States  In  quantity  of  rocli 
produced  la  Tunis,  a  French  colony  In  North  Africa.  In  1913  the  United  Stat«« 
produced  3,000,000  tons  of  phosphate  rock,  Tunis  2,250,000  tons,  and  Algeria 
460,000  tons,  or  nearly  0,000,000  tons  as  compared  wltb  about  1,000,000  for  all 
other  countries.  During  tbe  war,  Oerman-owned  phosphate  deposits  In  islands 
of  the  Paci&c  were  seized  by  England  and  Japan.  There  are  now  prHctlcnlly  no 
phosphate,  rock  deposits  in  the  possession  of  neutral  and  enemy  countries. 

Before  tbe  war  Germany  nsed  annually  about  2TD,000  tons  of  pliosphoric  add 
In  tbe  form  of  superphosphates,  over  90  of  which  was  imported,  and  375.000 
tons  of  pbospbatlc  slag,  from  iron  ores  used  in  steel-making.  More  than  40  jwr 
cent  of  tbe  Iron  ore  used  by  Gennany  was  Imported  from  Luxemburg,  Sweden, 
and  France.  Tbe  balauce  was  mined  In  Lorraine,  which  bas  now  been  restored 
to  France.  0 

Germany,  therefore,  is  now  dependent  on  her  enemies  for  pbospbotic  aold. 
which  sbe  needs  for  Intensive  agriculture.  Phosphate  rock  can  therefore  be 
used  as  a  guard  to  keep  tbe  peace  and  force  Qeruinny  to  pay  ber  bills. 


Bead  in  abstract  from  manuscript. 


The  great  majority  of  the  bedded  phosphate  deposits  of  all  geological  hori- 
zons occur  along  a  plane  of  disco nformlty,  and  as  n  rule  In  association  n-lth 
calcareous  bedrock,  which  Is  often  secondarily  phospbatlzed.  This  points  to 
concentration  of  pbospbatlc  materEal  originally  scnttered  widely  tbroi^b  tbe 
missing  formation.  The  paleogeogruphic  aigniScance  of  such  deposits  will  be 
discussed  and  its  application  In  seurching  for  new  pbosiilmte  horiaons  will  be 
suggested. 

Preaentcel  by  title  at  the  request  of  the  author. 

Session  of  Satuuday  Afternoon,  December  28 

The  afternoon  was  devoted  to  a  joint  session  with  the  Association  of 
American  Geographers,  with  its  President,  N.  M,  Fennpnian,  in  the  chair. 
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TITLES  AND  AB8TKACTS  OF  PAPERS  PRESEXTED  AT  THE  AFTERNOON  8EBBI0N 

FBlSCIPLEa  IN  TBE  DETERHIXATIOy  OF  BOUXDARIBa 

ALBERT  PEBBT  BBIQHAM 

(Abttract) 

The  iMiper  dlscnsaes  tbe  evolution  of  boundaries,  wblcb  iire  recognlKed  as 
rmtures  of  maturing  civlllzatiou  and  growinK  poputatlou.  Two  typM  of  Ttew 
are  noted,  one  scbool  favoring  defensive  snd  separative  llDea  and  tbe  other, 
boundaries  wbicb  shall  be  social  and  asslnillative.  Mountatne,  seas,  deserts,  and 
rirera  represent  four  classes  of  boundaries  as  afTorded  by  physical  features  or 
ronditlons.  A  survey  of  tbe  several  continents  sbows  tbat  such  separative 
fennir<«  ore  not  as  cnmnion  or  elllclent  as  Is  supposed  by  many,  and  n  similar 
ronclnalon  follows  on  a  blstorical  stndy  of  well  known  features  like  the  Pyre- 
nees, tbe  Alps,  and  the  English  Channel. 

n'e  are  therefore  compelled  In  tbe  future  to  use  more  than  in  the  iwat  human 
factors  In  drawing  bonndaries.  Among  these  race,  language,  and  nationality 
are  considered,  tbe  last  named  being  by  far  tbe  most  Important.  Factors  of 
social  and  economic  bearing  are  also  analyzed,  such  as  tbe  expansion  of  prollBc 
peoples  and  expansions  due  to  economic  greed  and  dynastic  ambition.  Otlier 
rorrelated  topics  are  tbe  economic  status  of  small  nations,  losses  bj  emigrntlon. 
and  boundaries  for  economic  equilibrium.  France,  Poland,  and  tbe  constal 
popniatlon  veneers  of  tbe  Near  East  are  treated  as  samples  of  current  Euro- 
pean problems.    Tbe  main  conclusions  are  summarized  as  follows : 

Tbe  present  arrangement  of  human  groups  is  a  heritage  from  long  existing 
biological  conditions  of  dispersal,  migration,  and  Intermingling,  coniplimted  by 
the  vagaries  of  tbe  human  will,  as  seen  In  lust  of  conc]uest.  love  of  war,  dynastic 
HRihltlons,  and  economic  greed. 

The  necessity  of  bounding  lines  has  come  with  the  fllltn^  of  tl>e  world's 
spaces,  tbe  pressure  of  population  on  resources,  and  the  lifting  iind  widening  of 
tbe  material  standards  of  living. 

Approximately  25  hnman  groups  In  Europe  show  sucb  unity  of  pun'ose  nud 
ideal,  Bocb  community  of  Interest,  of  history  and  of  hopes,  and  each  in  such 
rensonable  numbers,  that  they  have  embarked,  or  deserve  to  embark,  on  a 
career  of  nationality. 

The  world  is  now  pretty  well  agreed  tbat  ruling  bouses  are  obsolete,  tbat  tbe 
intercRts  of  great  powers  are  no  more  valid  than  those  of  small  powers,  and  that 
economic  eQuillbrium,  or  self-sufficiency  in  natural  resources,  does  not  outweigh 
tbe  rights  and  desires  of  any  truly  national  group. 

Europe  bas  an  exceptional  number  of  physical  units  which  iu  primitive  days 
rould  serve  as  the  cradles  of  nations.  In  the  advanced  conditions  mid  high 
densities  of  today,  however,  the  number  of  physical  compartments  falls  far 
short  of  the  number  of  j^roups  which  properly  wish  Independence. 

Modern  appliances  for  war  have  Impaired  the  security  once  gained  through 
pliysicni  barriers.  Heights  of  land  and  waters  of  all  kinds  give  important  aid 
in  war,  but  they  do  not  fend  off  war.  We  cannot  "destroy  tbe  zeruis  of  frontier 
dispute  by  drawing  physical  boundaries." 

We  must  draw  boundaries  on  defensible  or  separntiMd  lines  if  jiiiH«ililc,  but 
nt  all  events  to  work  substantial  Jnstlce. 

Kead  in  abstract  from  manuscript. 

DiscuBsed  by  Professors  W.  M.  Davis  and  Ballov  Willis. 
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BT  U.  K.  CAUPSEU. 

Presented  by  title  in  the  absence  of  the  author. 

BiaSAL  CORPS  aOHOOL  OF  METBOROLOaY 
BY  OUnX  L.  FASSIQ  ' 

(,Ab»tract) 

lu  tlie  summer  of  1918  a  school  of  liistructioD  was  eBtablltibed  at  tbe  Agri- 
cultural and  Mecbanlcal  College  of  Texas,  under  autboritr  of  tlie  Cbief  Sl^iil 
OBlcer  of  tbe  Army,  for  tbe  purpose  of  tralnlnK  approximately  1,000  men  In  tlie 
applications  of  the  science  of  meteorology  to  tbe  operations  of  tbe  war. 

Tbe  first  class  consisted  of  300  men,  mostly  recruited  from  among  college  men 
wltb  sereral  years'  experience  as  engineers.  Ttue  technical  instruction,  cover- 
ing a  period  of  two  to  tbree  months,  comprised  dally  lectures  In  meteorol<^7  or 
ttwologs ;  frequeut  cloud  studies  In  tbe  field ;  the  constmctioir  and  interpreta- 
tion of  weather  maps ;  the  preparation  of  forms  and  the  makiuK  of  dally  ol> 
serrations  of  the  weather,  such  as  ace  made  at  all  Weather  Bureau  stations  of 
the  first  order;  end  field  exercises  In  the  use  of  a  theodolite,  a  modified  sur- 
rejor's  transit,  used  to  determine  the  paths  of  small  rubber  balloons  filled  with 
hydrogen,  the  movements  of  the  balloon  Indicating  the  velocity  and  direction  of 
the  winds  to  great  elevations  above  tbe  earth's  surface. 

The  high  grade  of  tbe  men  composing  the  class  made  it  possible  to  develop 
new  mecbanlcal  devices  and  quick  methods  of  reduction  of  observations  for 
determining  tbe  ballistic  wind  for  correcting  loi^-range  artillery  fire.  The 
projectiles  fired  from  the  big  modem  guns  not  only  have  a  horizontal  ninge  of 
thirty  to  forty  miles,  but  they  traverse  tbe  otmosphere  to  heights  of  ten  to  fif- 
teen miles  and  more.  Tbe  wind  velocities  along  the  path  of  tbe  projectile  inny 
vary  from  a  few  miles  per  hour  to  fifty  or  even  a  hundred  miles,  while  the 
winds  at  an  elevation  of  two  or  three  miles  may  blow  in  a  direction  directly 
opposite  to  that  at  the  earth's  surface.  For  accurate  long-range  firing,  it  is 
obviously  necessary  to  fenow  the  exact  atmospheric  conditions  along  the  i>n<h 
of  the  projectile  and  to  get  this  information  quickly. 

Tbe  instruction  staff  of  tbe  School  of  Meteorology  consisted  of:  Dr.  Oliver  L. 
I'asslK,  U.  8.  Weather  Bureau,  Chief  Instructor  and  Director;  Dr.  Charles  F. 
Brooks,  Yale  University,  Instructor  in  Meteorology ;  Ueut.  William  S.  Bowen, 
Signal  Reserve  Corp?,  Instructor  in  Aerologj- ;  Mr.  WiUlnm  T.  Lathrop.  U.  S. 
Weather  Bureau,  Instructor  In  Meleorology. 

At  the  time  of  the  signing  of  the  armistice,  about  500  men  bad  been  trained 
as  weather  observers.  300  of  whom  were  sent  to  France  nnil  200  assigned  to 
duty  In  this  country  nt  n  score  or  more  of  flying  fields,  artillery  fields,  and  bal- 
loon schools,  for  the  purpose  of  supplying  thewc  units  of  the  army  with  accu- 
rate Information  concerning  actual  atmospheric  conditions  or  prospective 
weather  conditions. 


1  in  abstract  from  manuscript. 


'  Introduced  by  N.  M.  h'l 
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'  WORLD   VIBW  OF  MWERAL  WBAhTB 

BY  JOSEPH  B.  UUFLEBV 

(Abttroct) 

Tlie  desirability  for  a  world  view  of  mineral  wealth  baa  not  been  felt,  nnUl 
recently,  as  strongly  In  the  United  States  as  In  tbe  leading  European  countries, 
and  conaequently  our  mining  literature  is  built  largely  around  deposits  in  this 
ccmntry.  At  present,  bowerer.  It  le  opportune  to  seek  to  form  a  world  view  of 
mineral  wealth  as  a  basis  for  eipaadlng  trade  with  foreign  countries  and  as  a 
Kulde  In  the  wisest  exploitatioa  of  our  own  resources. 

Mineral  commodities,  mannfartured  and  raw,  represent  abont  one-third  of 
tlie  tota)  value  of  International  trade.  But,  even  more  important  than  this, 
minerals  are  vaalsblng,  whereas  most  other  raw  materials  are  renewable  assets. 
Tbey  are  also  peculiarly  localized  In  distribution  and  mutually  depntdent  lo- 
dustrially. 

The  mineral  production  of  a  country  or  a  continent.  If  viewed  In  the  light  of 
ita  Industrial  development  and  labor  supply,  may  be  taken  as  a  general  Index 
of  Its  relative  mineral  wealth.  The  value  of  the  1913  world  output  of  the  30 
leading  mineral  commodities  may  be  taken  as  a  basis  of  comparison.  Of  this 
amount  the  percentage  contrlbutioii  of  the  United  States  was  36 ;  Germany,  IS ; 
United  Kingdom,  11;  Russia,  0;  Union  of  South  Africa,  4;  Australia.  3,  and 
■mailer  amounts  for  other  countries.  In  any  scheme  of  IntematiODal  agree- 
ments providing  for  pooling  and  allocation  we  sboul^  recognise  clearly  that  the 
United  States  has  more  to  contribute  than  any  other  natJon. 

Estimates  of  the  world's  mineral  reserves  are  only  available  for  coal  and 
iron,  but  as  tonnage  Is  the  great  Item  In  the  distribution  of  Industrial  centers, 
they  are  the  controlling  factors.  Together  they  represent  over  90 -per  cent  by 
weight  of  mineral  production.  Both  tbe  coal  and  Iron  reserves  of  the  world 
occur  predominantly  In  tbe  North  Atlantic  drainage  basin. 

Consnmptioa  of  mineral  commodities,  like  production  and  reserves,  is  in 
countries  tributary  to  the  north  Atlantic  Ocean.  Seventy-nine  per  cent  of  the 
1913  output  of  eleven  representative  mineral  commodities  was  consumed  In  the 
United  States,  Great  Britain,  Germany,  and  France.  Thirty  per  cent  of  tbe 
total  consumptian  was  In  the  United  States. 

For  centuries  industry  has  centered  about  the  north  Atlantic  and  for  cen- 
turies to  come  It  Is  destined  to  continue  here,  Its  locus,  however,  moving  from 
the  eastern  to  tbe  western  shore. 

Bead  in  full  from  manuBcript. 

DiBcussed  by  Messrs.  W.  H.  Emmons  and  G.  0.  Smith. 

lyrBRSATlOSAUZATSnH  OF  MINERAL 


{Abttract) 
A  brief  outline  of  world  movempnt  of  "minerals"  Is  followed  by  discussion  of ; 

(1)  International  movement  under  normal  trade  condltlocm, 

(2)  National  control  of  Imports  and  exports  through  tariff,  bonus,  enihargo, 
or  other  measures.  Including  war  restrictions  due  to  ship  shortage. 
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(3)  International  control  of  Imports  and  eitportB  introdnced  as  a  wartaeas- 
ui'e  for  some  of  tbe  ininerals,  and  posxlbly  to  be  extended  under  any  arrange- 
ment for  a  league  of  nations.  The  possibilities  and  results  of  International 
ixiutrol,  Its  purposes,  Its  effei^t  on  world  movement  of  minerals,  the  position  of 
the  United  States  in  such  an  arrangement,  reaction  on  domestic  production  aod 
on  our  policy  of  making  the  United  States  independent  In  regard  to  mtoeral 
supplies.    Conservation  an  a  factor  In  Internationalization. 

Presented  by  title  in  the  absence  of  the  author. 

COUMEnCIAl,  COKTROL  OF  THE  KIKERAL  HEBOURCES  OF  TBK  WORLD 
BV  JOSIAH  EPWABO  SPURE 

During  tbe  war  the  problem  of  the  supply  of  ores,  both  foreign  and  domestic, 
beenme  a  vital  one,  and  It  soon  became  evident  that  it  was  Important  to  know 
In  whose  bauds  the  supply  of  these  mineral  necessities  rested.  With  the  dis- 
covery of  the  network  of  German  intrigue.  It  became  necessary  to  ecrutlDlce 
tbe  control  by  German  Interests  of  mineral  supplies  and  markets,  and  in  so 
doing  the  investigators  became  aware  of  the  vast  influence  not  only  of  the  Ger- 
man commercial  combinations,  but  also  of  the  similar  control  eserdaed  by  the 
Industrial  enterprises  of  other  nations.  A  preliminary  survey  was,  therefore, 
begun  and  is  now  nearly  Hnlshed,  and  special  pamphlets  have  been  Issued  under 
the  auspices  of  the  Interior  Department  covering  the  field  of  tbe  commerclsl 
control  of  the  principal  minerals  in  tbe  world. 

It  is  conceded  that  tbe  natural  t>ouudnries  for  autonomous  states  are  those 
of  race,  tongue,  and  geography :  but  tbe  extent  and  forms  of  empires  have  heeu 
and  will  be  determined  by  natural  resources,  especially  of  the  metals. 

Of  all  great  nations,  tbe  United  States  has  within  its  ty3undaries  the  >!rentest 
mineral  wealth,  and  probably  least  of  all  nations  has  realized  Its  political  si^lfl- 
cance.  Hlstorj-  shows  that  the  possession  of  great  resources  by  a  country  Is  of 
little  imiKirlance  by  itself;  It  Is  the  commercial  control  which  gives  rise  to 
Itoner,  wealth,  and  the  growth  of  Industrial  civilizations.  The  commercial  con- 
trol of  miuernl  and  other  natural  resources  Is  normally  followed  by  political 
control. 

One  of  tbe  principal  lessons  to  be  learned  from  the  series  of  individual  min- 
eral studies  mentioned  Is  that  the  United  States  Government  must  protect  and 
encourage  the  Investment  of  American  capital  In  mineral  wealth.  It  must  do 
this  In  the  United  States,  else  we  shall  have  our  resources  dominated  commer- 
cially by  foreign  capital;  and  we  must  do  It  in  Mexico,  for  example,  else  for- 
eign capita]  will  occupy  the  field  and  wilt  threaten  our  political  Independence 
in  the  future  In  much  the  same  way  as  If  they  had  accomplished  the  same 
commercial  domination  In  the  United  States.  Only  by  recogniiing  and  encour- 
aging  combinations  of  American  capital  engaged  In  mining  can  tlie  well  orgaa- 
iKed  foreign  combinations  of  capital  be  ofFset  and  checkmated. 

Tlie  policy  of  our  Government  indicated  for  tbe  future  Is  to  manage  to  best 
advantage  such  ores  as  we  possess  In  exportable  surplus,  and  to  secure  by 
careful  forethought  such  ores  as  we  do  possess  In  quantity  sufficient  for  our 


)vGoo<^lc 


TITLES    AXD    ABSTRACTS    OF    PAPERS  109 

It  baa  been  noted  that  the  competition  at  combined  commercial  Interests 
otber  than  German  eiista  uoder  at  least  eemi-offlclal  tcuidance,  and  that,  for 
example,  the  policy  of  the  E^llsh  in  this  regard  is  a  very  deliberate  one.  This 
development  Is  a  natural  one  and  we  find  the  same  Impulse  In  American 
thtyaght 

In  some  of  the  mtneral  commodities  it  is  possible  that  there  will  soon  develop 
a  world  shortage,  with  resulting  sharp  competition  between  the  United  States 
and  Its  best  friends,  such  as  England  and  Japan.  There  Is  danger  In  this  com- 
merrlBl  competition,  which  easily  leads  to  war.  The  only  reasonable  solution 
vrould  seem  to  be  for  the  rival  houses  to  amalgamate.  The  plans  for  a  league 
of  nations,  now  under  waf,  may  fail  on  account  of  the  many  nations  and 
diverse  Interests  and  ideals  Involved.  It  Is,  however,  not  only  feasible,  but 
Imperative,  (hat  the  three  nations  which  stand  abreast  In  the  forefront  of 
ptrlligsation  should  amalgamate  and  agree  on  a  firm  central  policy  looking  for- 
ward toward  reciprocity  or  free  trade,  so  far  as  It  Is  fair,  among  themselves. 
Treaties  will  do  no  good  of  themselves.  Any  league  to  be  effective  must  be 
bound  not  only  by  a  central  Judiciary,  but  by  a  central  legislative  body,  execa- 
tive  conndl.  and  a  central  military  or  police  force  by  land  and  sea. 

This  federation  by  itself  would  guarantee  the  world's  peace,  and  other  na- 
'ioDS  would  be  on  probation  and  would  be  admitted  one  by  one  as  they  showed 
tbemselves  desirous  and  competent. 

Preeented  by  title  in  the  absence  of  the  author. 

MEXICA\  PETROLKUM  A\D  THE  WAR 

B¥  E.  W.  SHAW 

(Abitract) 

The  part  played  by  petroleum  and  Its  products  in  the  Kreat  war  In  a  subject 
of  general  discussion,  but  there  seems  to  be  agreement  that  this  part  was  very 
essential  both  in  comparison  with  other  war  minerals  and  In  comparison  with 
other  elements  that  contributed  toward  success.  The  value  of  Mexican  petro- 
leum involves  peculiar  factors,  though,  like  the  value  of  other  available  oil 
supplies.  It  has  been  controlled  mainly  by  quantity,  quality,  and  accessibility. 

The  quantity  factor  has  had  the  following  oiit-standing  features:  The  actual 
output  of  the  country  was  large — roughly,  one-tenth  as  great  as  the  world  out- 
pat.  Eight  years  ago  the  output  of  the  country  was  scarcely  one-twentieth  ax 
great  as  In  1918,  and  the  fraction  of  the  world's  output  was  only  al>out  one  i>ei 
cent.  Twenty  years  ago  the  fields  were  undiscovered.  On  the  other  hand.  tUe 
aggregate  capacity  of  the  wells  already  drllle<l  has  differed  from  those  of  other 
regions  in  that  it  has  always  been  far  above  the  actual  output:  also  If  condi- 
tions of  development  had  been  an  favoralile  sr  the.v  are  In  some  parts  of  the 
irorld  there  would  have  been  many  more  wells  drille<l  and  a  far  greater  supply 
of  oil  would  have  l>een  avaltahlp— perhaps  twice  as  much  as  all  the  world  Is 
now  producing.  The  countrj-  ban  the  largest  oil  wells  lu  the  world,  and  the 
main  part  of  the  output  has  thus  far  come  from  a  very  few  wells.  Roughly, 
balf  of  the  output  of  the  country  In  1918  was  used  In  connection  with  the  do- 
mestic and  military  requirements  of  the  Inlted  States,  and  of  the  capital 
Invested  In  Mexican  oil  nearly  two-thlrds  is  American. 
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Aa  to  qnalltf ,  the  pecnilar  features  of  Ueilcan  petroleam  lie  in  the  relatively 
low  percentage  of  light  dlBtillateH  and  tbe  relatively  high  sulphur  content.  It 
fnmiBhea  little  gasoline  tn  comparison  with  its  bulk,  and  tbls  percentage  has 
not  been  raised  to  a  high  figure  through  cracking  processes.  However,  Mexico 
offers  an  Immense  reserve  of  fuel  oil,  though  for  fuel  much  of  the  oil  needs  an 
admixture  of  more  fluid  oil,  or  special  burners  adapted  to  Ita  high  Tlscoslty. 
Its  percentage  of  undesirable  sulphur  Is  reduced  most  readily  by  the  addition 
of  Bolphur-free  oil. 

The  accessibility  dependw  on  many  considerations,  Including  Its  distance  from 
the  points  where  It  la  refined  and  used  and  from  the  sources  of  labor  and  sap- 
piles,  on  the  tankers,  ptpe-llnea  and  other  transportation  fadlltles  available, 
and  on  political  conditions  in  and  around  the  Qelds  arising  out  of  local  dlatorb- 
ances,  and  the  decrees  issued  by  the  Mexican  Government  Involvlug  high  taxa- 
tion <1S  to  20  per  CMit),  and  natioualtxatlon  or  threatened  "conflscatlon  of 
private  property  and  arbitrary  deprivation  of  vested  rights."  If  sufficient 
tankers  bad  been  available,  tbe  production  for  1918  would  have  been  five  or 
ten  times  greater. 

Presented  by  title  in  the  absence  of  the  author. 

AUERICAX  UAPPISa  /.V  FRA\CE 

Presented  in  abstract  from  notee. 


Presented  in  full  extemporaneously. 

Discussed  by  Meears.  Glenn  S.  Smith,  J.  BusRell  Smith,  H.  F.  Reid, 
G.  0.  Smith,  and  W.  M.  Davis. 

President  Cross,  of  the  Geological  Society  of  America,  resumed  the 
chair,  the  joint  session  dissolved,  the  members  of  the  AsBOciation  of 
American  Geographers  retiring  to  continue  their  own  program  in  their 
usual  meeting  place,  and  the  Geological  Society  of  America  took  up  its 
special  papers  again,  as  follows : 

A   METHOD  OF  AERIAL  TOPOGRAPBtC  ItAPPlXO 
Br  FRED   H.  UOFFIT  ANR  J.    W.  BAOLET 

Head  in  full  from  manuscript  by  the  junior  author. 

In  the  discussion.  Dr.  R.  B.  Marshall,  ct  the  United  States  Geological 
Survey,  gave  some  concrete  examples  of  the  accurate  mapping  which  had 
been  done  by  Messrs.  Bagley  and  Moffit  with  their  aeroplane  camera. 

'  Introduced  bj  N.  M.  FeDDemmi. 
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A  PLANB-TABLB  FOK  MILITARY  MAPPISQ 
BT  Al^n    U.   BATEl 

(Abttract) 

During  tbe  teacblog  of  military  mapping  at  Tale  UniTeralt]'  a  plane-table 
eqnEpmeut  was  designed,  at  a  low  cost,  for  instruction  In  that  partlcniar  phase 
o(  mapping.  It  enables  more  effective  results  to  be  obtained  than  the  equip- 
nient  osed  Id  most  training  centers  and  described  In  tbe  test-books. 

Presented  by  title  to  the  absence  of  the  author. 

SAHD^HROMB  DEPOSITS  OF  MARYLAND^ 
BT  JOSRPH  T.  BI5GBWAU>,  JB. 

(Abstract) 

Though  competltlDn  pat  an  end  to  rocb-chrome  mining  in  Maryland  at  about 
ISSO,  there  tias  been  a  small  prodoctloD  of  sand-chrome  concentrates  to  tbe 
prment  time.  The  output  Is  exported  to  Europe,  where  it  is  used  to  set  the 
miors  of  painting  on  fine  porcelain  ware.  The  Maryland  deposits  are  capable 
of  supplying  this  limited  market  indefinitely,  hut  conld  Dot  support  a  greatly 
lugmeDted  production. 

Chemical  analyses  of  several  samples  of  the  concentrates  and  of  magnetic 
and  non-magnetic  portions  into  which  they  were  separated  yielded  some  Inter- 
estii^  data  concerning  tbe  characteristics  of  the  spinel  minerals  found  in  tbe 
dirome-bearing  serpentine  areas  of  Maryland.  Following  Is  a  brief  summary 
of  these  results: 

A  spinel  molecule,  carrying  an  equivalent  of  only  29  per  cent  magnetite,  may 
be  highly  magnetic  if  chromic  oiide  is  In  excess  of  alumina,  whereas  one  carry- 
isf  an  equivalent  of  26  per  cent  magnetite  may  be  not  at  all  magnetic  If  the 
alumina  Is  In  excess  of  chromic  oxide.  Since  alumina  reduces  the  magnetism 
of  [be  spinel  molecule,  these  figures  indicate  tbat  a  chromlte  containing  no 
almnlca  might  be  highly  magnetic  If  It  contains  an  equivalent  of  less  than  25 
per  cent  magnetite.  Such  a  chromlte  would  appear  to  be  magnetite  In  the  field 
and  migbt  be  disregarded  In  a  search  for  chrome  ore.  yet  it  would  analyse  51 
per  cent  Cr,0|.  On  the  other  hand,  a  non-magnetic  black  spine)  In  a  chromlte- 
bearlDK  region,  which  in  the  field  would  appear  to  be  good  chrome  ore,  might 
mn  so  high  In  alumina  and  Iron  Chat  the  chromic  oxide  content  of  the  ore 
would  fall  to  less  than  7  per  cent. 

These  data  point  out  tbe  Inadequacy  of  simple  field  tests  Is  prospecting 
for  chrome  ore  and  the  necessity  of  checking  such  observations  by  chemical 
analyses. 

Read  in  full  from  manuscript. 

'  PrM«Dl«d  wllb  pcrmlHlon  o(  tb«  Slfttr  RraloglBt. 
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(Abulracl) 

The  Carteriiville  potnsh  slater  ar«  of  eiich  composition,  geographic  exteot. 
thickness  and  eas.v  HeeeHstbllltj',  anil  liberation  of  the  potash  occurs  at  such 
low  temperatures  tbnt  tliene,  togetber  with  other  factors  which  relate  to  de- 
velopment, make  possible  the  utilization  uf  thew  materials  as  a  source  of 
potash  after  the  war  Is  over. 

The  presence  of  these  deposits  In  the  center  of  the  area  in  the  United  State;*, 
where  90  per  cent  of  the  potash  is  consumed,  together  with  low  cost  of  produc- 
tion and  relation  to  the  source  of  the  largest  supply  of  the  two  Chief  adds. 
nitric  and  sulphuric,  uned  lu  chemical  Industries,  will  bring  al>out  both  chem- 
ical nnd  agricultural  development,  which  will  have  a  very  important  benrlne 
on  the  Increase  in  production  of  afcricultural  products. 

The  origin,  nature  of  the  deposits.  -  methods  of  extracting  the  potash,  and 
history  of  development  will  he  discussed. 

Presented  by  title  in  the  absence  of  the  author. 

AXTICUXAL  THBOay.  AB  APPLIED  TO  80XE  QUICKSILVER 


(Abitrart) 
In  the  Terlingua  qnlcksilrer  district  diniabar  ore  occurs  In  its  larger  distri- 
bution in  structures,  such  ns  anticlines,  domes,  and  arrested  monoclines,  at 
strati  graph  leal  levels  where  there  Is  a  change  from  porous  rock  below  to  more 
impervious  formations  above.  Accumulation  seems  to  have  been  governed  by 
conditions  similar  to  those  which  result  in  the  accumulation  of  oil  and  gn.'i, 
with  this  difference,  that  It  occurs  In  favorable  structures  onlj-  in  places  where 
there  has  been  Assuring  or  Intrusion  of  Igneous  material.  Most  of  the  ore  Is 
found  in  Joints,  fissures,  fault  breccias,  and  contacts.  These  evidentl.v  have 
served  as  channels  through  which  the  mercurial  vapors  or,  more  protwiil.v. 
their  solutions  found  outlet  upward.  Tlie  richest  deposits  have  been  found  nt 
horizons  where  the  change  between  underlying  and  overlying  roclw  has  been 
greatest,  such  as  near  the  contact  between  the  Georgetown  (Edwards)  and  the 
Del  Rio  cla.v  and  l)etween  the  Buda  and  the  basal  parts  of  the  Eagle  Ford, 
Oondltlous  are  descrllied  as  they  are  known  In  four  mines  now  worked  and  in 
four  of  the  more  Imjiortant  prospects  In  the  area. 

Presented  in  ab.stract  from  notes. 

CKYBTALLIXE  QKAPItlTB   DEPOSITS  OF  ALABAUA 


The  develiipmeiit  of  the  cryRtalllne  graphite  industry  In  Alabama  has  Wen 
phenomenal.     In  1!H4  thiTc  were  three  producing  plants.    At  the  present  time 
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there  are  tweotj-eight.  In  1617  Alabama,  wltb  fonrtceD  plants,  tnralsbed  66 
per  oent  bf  ralae  of  tbe  prodnction  of  crystalline  j^rapblte  of  the  United  States. 

The  graphite  area  in  Alabama  Is  confined  largely  to  Clay,  Goobb,  and  Chilton 
niuntleii.  In  the  Piedmont  district.  The  mica  schists  in  wblch  the  workable 
graphite  beds  occur  is  separated  from  the  semlcrystalUne  Ocoee  pbylllte  to  the 
we^t  by  a  greeo  schist  of  igneons  origlo  and  grades  into  a  mica  scblst  on  tbe 
cast  with  more  frequent  streaks  of  granitoid  gneiss.  Tbe  area  in  which  work- 
able graphite  beds  occur  is  approximately  sixty  milee  long  and  has  a  maximum 
width  of  about  five  and  a  half  miles.  In  one  locality  a  cross-section  of  the 
Qpid  sbows  twenty  workable  beds,  some  of  which  are  over  100  feet  In  thickness. 

The  ore  Is  disseminated  In  a  mica  schist  and  seldom  exceeds  an  average 
graphite  content  of  3%  per  cent.  The  graphite  Is  of  sedimentary  origin,  tbough 
ocraslonal  thin  veins  and  enrichments  of  graphite  occur  In  the  stringers  of 
liemoatlte  or  along  the  borders  of  the  larger  pegmatite  "horses." 

Tbert  are  many  processes  of  concentration  in  the  various  mills.  Both  the 
entirely  wet  and  entirely  dry  processes  are  employed.  Of  the  wet  methods 
rhere  are  four  distinct  processes  of  water  flotation  and  Ave  metboda  of  "oil 
flotation" — oil  and  water. 

The  chief  attention  of  the  graphite  companies  at  the  present  time  Is  directed 
toward  tbe  standardization  of  tbelr  prodncts  and  tbe  lowering  of  tbe  cost  of 
production,  both  of  which  are  essential  to  tbe  success  of  the  industry. 

Presented  by  title  in  the  absence  of  the  author. 


(Abttraci) 

In  1B03  Dr.  K.  A.  Smith  showed  the  presence  of  certain  Carboniferous  fosxils 
In  Ocoee  slate  area  In  Clay  County.  Alabama.  During  the  past  summer  the 
writer  further  extended  this  known  Carboniferous  area  to  tbe  foot  of  the  Talla- 
dega Hoontaln,  at  Clalrmont  Springs.  In  connection  with  the  foeslliferoas 
black  slate  deposits  there  is  an  associated  conglomerate  which  has  every  ap- 
pearance of  the  Millstone  grit  as  it  occurs  in  the  coal  fields  a  few  miles  to  the 
(rest  of  this  r^on.  This  conglomerate  Is  the  same  as  that  forming  the  main 
ridge  of  the  Talladega  Mountain  or  Blue  Ridge  in  this  part  of  Alabama. 

Directly  to  the  southeast  from  the  known  Carboniferous  locality  In  the  Ocoee 
Klates  there  Is  a  narrow  belt  of  metamorphosed  green  scblstb  which  cuts  at  a 
"harp  angle  across  the  strike  of  the  Carboniferous  rock  and  gives  every  evi- 
dence of  having  been  formed  later  than  the  unquestioned  Corbonlferous  rock 
on  the  west. 

In  the  crystalline  belt  southeast  from  tbe  Cnrboniferous  locality  there  are 
well  defined  belts  and  several  smaller  areas  of  phylUtes  whicb  have  every  ap- 
pearance of  tbe  Ocoee  to  the  west.  These  areas  not  only  carry  a  conglomerate 
which  Is  similar  to  tbat  In  the  Talladega  Mountain  and  which  Is  by  inference 
Carboniferous,  bnt  they  also  have  beds  of  amorphous  graphite. 

The  Routbeastem  portion  of  the  crystalline  rock.v  of  Alabama  Is  generally 
supposed  to  be  older  than  that  In  the  western  portion.  However,  in  one  locality 
Till — Boll.  Geol.  Soc,  Au.,  Vol.  ao,  1918 
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n^ar  Chewacla  there  Is  strong  evidence  for  bellerlDg  tbe  rocks  to  be  of  Paleo- 
zoic age.  About  two  miles  southeast  from  Opellfca  there  oc<nira  a  ridge  of  what 
appears  to  be  Knox  chert  associated  with  mica  schist  and  gaeisses.  About  a 
quarter  of  a  mile  west  of  this  chert  rldg«r  there  is  a  teu-foot  bed  of  low-grade 
iron  ore  which  strongly  resembles  the  low-grsde  iron  ores  of  tbe  Clinton  of  the 
Birmingham  region.  About  five  miles  southeast  of  Opelfka  and  three  miles 
southeast  of  Chewacla  there  is  a  long  narrow  strip  of  dolomltic  marble  which 
has  on  either  side  of  it  narrow  strips  of  what  appears  to  be  Knox  chert.  To 
all  appearances,  this  belt  of  dolomite  and  cbert  Is  Infolded  and  overtnmed 
toward  tbe  west. 

Presented  by  title  in  the  absence  of  the  author. 

COKTRIBUTJOX  TO    THE  ORIGIN  OF 


Field  studies  carried  on  In  the  Ozark  area  of  Missouri  during  recent  sean 
have  furnished  evidence  bearing  on  the  time  aud  place  of  dnlomitlzBtlon.  The 
evidence  favors  the  view  advocated  by  Steldtmann  that  the  magneHiam  car- 
bonate Is  added  to  the  calcium  carbonate  on  tbe  sea-bottom,  probably  immedi- 
ately after  tbe  deposition  of  tbe  calcium  carbonate.  The  almost  abaolate  purity 
of  tbe  dolomites  in  tbe  Ozark  area  is  favorable  to  his  rlew  that  gradations  do 
not  exist  between  calclte  and  dolomite  and  favors  the  snggestlon  made  below. 
AnslyseH  of  the  dolomites  show  that  they  contain  up  to  .85  per  cent  Iron  oxide. 
mostly  KeO.  and  always  much  more  iron  than  aluminum,  thus  accounting  for 
tbe  remarkably  deep  red  aotla  over  these  dolomites.  Tbe  dolomites  in  this  area 
are  shallow-water  deposits  in  large  part,  showing  all  its  usual  features  of  such 
deposits. 

Further  studies  made  by  mapping  the  dolomite  areas  according  to  the  geo- 
logic period  during  which  the  dolomite  was  deiwHlted  bnve  shown  that  these 
areas  were  occupied  by  broad,  shallow,  Inclosed  seas.  In  which  there  might  have 
been  a  concentration  of  magnesium  and  other  salts  above  that  of  normal  sea- 
water.  This  concentration  of  salines  and  the  probable  Increase  in  the  amount 
of  magnesium  salts  would  greatly  favor  tbe  rapid  formation  of  dolomite.  This 
would  explain  why  practically  pure  limestones,  with  only  1  to  3  per  cent  of 
magueslimi  carbonate,  are  found  luterbedded  with  pure  dolomites.  The  fresb- 
eniog  of  tbe  water  tn  the  Inclosed  seaH  by  Influxes  of  normal  sea-water  would 
prevent  the  formation  of  dolomite  until  the  concentration  In  salinity  or  in  the 
magnesium  content  had  agfltn  bcpn  brought  about.  Not  a  single  occurrence 
has  been  found  in  tbe  Cambrian  and  Ordovlclau  dolomites  of  Missouri  where 
the  limestone  griidea  Into  dolomite. 

The  work  done  to  the  present  favors  the  marine  origin  of  dolomite  and  the 
view  that  deposition  occurred  In  Nhnllow,  Inclosed  seas  where  Increased  salinity 
or  concentration  of  magnesium  salt.i  might  occur. 


Presented  b.v  title  in  the  absence  of  the  author. 


)vGoo<^lc 


TITLES    AND    ABSTRACTS    OF    PAPERS 

maysBiTE  isdvstrv 


iAh»tract) 

UagDeBlte  and  Its  derived  products  are  used  in  a  variety  of  Industries,  the 
must  essentia)  of  which  Is  metallurgy-.  In  the  form  of  brick  and  gralnn,  It  has 
its  grpstest  sppllcatloa  as  llntUK  of  open-tieartli  steel  furnaces  and  other  tur- 
luices  for  reflnlng  metal.  A  considerable  quantity  of  calcined  maguesite  Is 
u^  lu  the  manufacture  of  cement  for  esterloi*  and  interior  plasters  and  for 
flwriag. 

Magnesite  occurs  both  massive  and  crystalline,  as  veins  and  beds.  The  mas- 
Klre  California  variety  occurring  in  veins  is  derived  from  the  alteration  of  ser- 
pcntltie;  the  crystalline  Washington  variety  results  from  the  replacement  ot 
i^lcareous  sedimentary  rocks  by  magnesium-bearing  solutions. 

M^neslte  la  widely  distributed  throughout  the  world.  Formerly  Austrta- 
Haogary  and  Greece  supplied  most  of  the  American  demand.  Newly  dlscov- 
«rpd  depoaltB  in  Washington  and  greatly  increased  output  In  California,  to- 
Mber  with  imports  from  Quebec,  supplied  the  domestic  need  during  the  war. 
Tbe  manufacture  of  synthetic  grain  magnesite  and  of  sintered  dolomite  and 
sJug  east  of  Chicago  for  refractory  purposes,  giving  an  advantage  of  several 
dollars  In  freight  rates  over  magnesite  from  our  only  producing  States,  Call- 
Faroia  and  Washington,  raises  a  question  as  to  the  permanence  of  the  domestic 
■Dugnesite  industry  at  its  present  scale.  Domestic  material  can  not  compete  on 
tlie  .Atlantic  coast  with  foreign  magnesite  at  pre-war  prices. 


Presented  in  abstract  from  notes. 


9  OP  OLACIATIOS  /.V  Al^ASKA 
BT  WA^EN  O.  CBOSBY 

iAbitract) 
The  paper  describes  and  discusses  examples,  iwlieved  to  be  typical,  which 
tend  to  localize  glacial  overdeepeuing,  and  to  show  that  valley  broadening  Is 
by  far  the  more  important  ptiase. 

Presented  by  title  in  the  absence  of  the  author. 

PAPEBS  THAN8FEREBD  TO  PALEONTOLOGICAL  SOCIETY 

The  following  papers  on  stratigraphic  and  paleontologic  geology  were 

offered  in  regular  course  to  the  Geological  Society,  but  were  transferred 

to  the  Paleontological  Society  for  reading  on  account  of  the  crowded  con- 

ilition  of  the  program : 

HiBOLD  L.  Aluno  (introduced  by  H.  L.  Fairchlld) :  Some  problems  of  the 
Adirondack  I'recembrtan. 

EavxT  W.  Shiueb:   Permo-Trlasslc  of  northwestern  Arizona. 

liEOBOE  E.  DoBSEY  (Introduced  by  E.  W.  Berry)  :  The  stratlgrapliy  and  struc- 
ture of  the  Newark  system  In  Maryland  and  Its  relation  to  the  Newark 
system  of  eastern  North  America. 

''ixiBiiE  H.  Chauwick:  Itemnrlcable  persistence  of  thin  horizons. 
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Geoboe  H.  CnADWicK :  Portage  Btratlgraphy  la  western  New  Tork. 
Edward  W.  Besry  :  Tbe  age  of  certain  plant -twarlng  beds  acd  assodated  ma 

rloe  formations  In  Soutb  America. 
Cbuu-es  K.  Swartz  and  Habvev  Babsler:  The  typical  section  of  the  Alli 

gtaeny  formation, 
Chaklks^.  Swabtz,  W.  A.  Price.  Jr.,  and  Harvey  Bassler:  The  stratlgrapb 

and  correlation  of  Che  Coal  Meaaares  of  Maryland. 
Bbuce  L.  Clark  :  The  Eocene  divisions  of  California. 

VOTE   OP  THANKS 

On  motion  by  Charlee  P.  Berkey,  a  cordial  vote  of  thanks  was  passei 
expressing  to  the  authorities  of  Johns  Hopkins  University  and  to  th 
members  of  the  local  committee,  Edward  B,  Mathews,  chairman,  tb 
appreciation  felt  by  the  Society  for  facilities  rendered  and  hospitalit 
extended  in  connection  with  the  Thirty-first  Annual  Meeting. 

The  business  sessions  adjourned. 

ANNUAL  DINNER 

The  customary  annual  subscription  dinner  of  the  Society  was  held  i 
the  Southern  Hotel,  beginning  at  7  o'clock  p.  m.,  jointly  with  the  Palt 
ontological  Society  and  the  Association  of  American  Ge<^apherB — on 
hundred  and  four  members  and  guests  participating.  President  Whitmn 
Cross  presided  over  the  function  and  called  on  Dr.  J.  C.  Merriam,  ineon 
ing  President,  to  speak  for  the  future  of  the  Society. 

Dr.  Henry  M.  Ami,  Vice-President  of  the  Geological  Society  of  Frauci 
gave  greetings  from  that  sister  organization,  and  Prof.  William  M.  Dav 
Bpoke  briefly  on  a  "League  of  Nations  for  the  Maintenance  of  Peace, 
concerning  which  he  proposed  shortly  to  send  a  petition  to  all  membei 
of  the  Society  for  their  signatures. 

At  the  close  of  Doctor  Ami's  remarks,  the  Secretary  called  the  attenlin 
of  the  Society  to  the  message  which  had  been  received  at  his  office  froi 
Prof.  E.  de  Margerie,  Perpetual  Secretary  of  the  Geological  Society  i 
France,  at  the  time  .\merica  joined  in  the  war. 


[   TO   80CIi:TE   G^OLOGlQtTE   DE   FRANCE 

The  Secretary  was  unanimously  autliorized  to  send  the  greetings  of  tl 
Geological  Society  of  America  to  the  Geological  Society  of  France.  v\\ 
felicitations  over  the  coming  of  peace.' 


■  !□  codformltj^  wltb  thi>s«  Instructions,   thr  toUowloB  cableeram  was  aent  OB  Vtft 
ber  29: 

"GpoIoeLcbI    8ocI''[,v    Amrrlvs.    Annual    mretlng    assembled.    ttoO    warmest    crrrllxl 
So<;l*1f  fiAilnglijiip  Kranci'  nod  bfnt  wlsbes  lor  flrm  pfaw. 

■'(Slgnedi  BoTR,  Btertttm." 
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PBESIDENTIAL  ADDRESS  BT  WHITMAX  CB089 

President  Cross  then  read  his  address  as  retiring  President  of  the  So- 
ciety, entitled  "Geology  in  the  War  and  After." 

VICE-PRESIDENTIAL   ADDHE6S  BY   GEOHGE   H.   PERKINS 

The  address  of  President  Cross  was  followed  by  the  address  of  the 
retiring  Vice-President  of  Section  E  of  the  American  Association  for  the 
Advancement  of  Science,  George  H.  Perkins,  entitled  "Physiography  of 
Vermont." 
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R.  0.  Allen 
H.  M.  Ami 
Georoe  H.  Ashley 
H.  Foster  Bain 
Joseph  Barrell 
Florence  Bascoh 
R.  S.  Bassleb 
Edson  S.  Bastin 
Charles  P.  Behkey 
S.  W.  Beyer 
Edward  W.  Berry 
Eliot  Blackweldeb 
j.  a.  bownocker 
A.  P.  Bhioham 

H.   A.   BUEIILER 

RoLLiK  T.  Chamberlik 
John  M.  Clarke 
H.  F.  Cleland 

A.  J.  COLUBR 
D.  Dale  Condit 
A.  R.  CaooK 
Whitman  Cross 
H,  P.  Cdshino 
X,  H.  Darton 
W.  M.  Davis 
F.  W.  De  Wolf 

J,  S.   DlLLEB 


W.  II.  Emmons 
11.  L.  Fairciiild 
N.  M.  Fenneman 

A.    F.   FOERSTE 

W.  E.  FoBi) 
A.  C.  Gill 
A.  W.  Grabau 
H.  E.  Gregory 

G.    P.   GniHSLEY 

C.  A.  Hartnaoel 

D.  F,  Hewett 
R.  R.  HicE 

W.  J.  Holland 
w.  0-  hotchkiss 
Ernest  Howe 

E.  0.  HOVEY 

Ellsworth  Huntington 
J.  P.  Iddings 
Georoe  F.  Kay 
Arthur  Keith 
Edwin  Kirk 
Adolph  Knopf 

F.  H.  Knowltos 

H.  B.  KtJMMEL 

George  F.  Kunz 
Waldemah  Lindgren 

G.  F.  Locohlin 
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S.  W.  McCallie 
G.  R.  Mansfibld 
C.  F.  Mabbdt 
R.  B.  Marshall 
George  C.  Mabtin 

E.  B.  Mathews 
C.  F.  Matthes 
0.  E.  Mbinzer 

W.    C.   Men  DEN  HALL 

J.  C.  Merriau 
Georoe  F.  Mebbill 
Arthur  M.  Milleb 
W.  J.  Miller 
H.  D.  MisEK 

F.  H.    MOFFIT 

E.  S.  Moore 

h,  f,  osborn 

Sidney  Paige 

0.  H.  Perkins 

R.  A.  F,  Penrosb,  Je. 

J.  E.  POGOE 

W.  Armstrong  Pbiob 
W.  F.  Prodty 
Harry  F.  Reid 
W.  N.  Rice 
John  F.  Rich 
H.  RiEs 
f.  c.  schbadeh 
c.  schuchert 
Eugene  Shaw 


J.  T,  SlNOEWALD,  Jr. 

George  Otis  Smith 
Philip  S.  Smith 
J.  W.  Spencer 
J.  Stanlet-Buown 
T.  W.  Stanton 
L.  W,  Stei'henson 
James  H.  Stoller 
R.  W.  Stone 
George  W,  Stose 
Chas.  K.  Swabtz 
A.  C.  Trowbridge 
J.  B.  Tyrrell 

E.  0,  Ulrich 
J.  A,  Udden 
J.  B,  Umplkbv 
G.  Van  I  no  en 
Frank  R.  Van  Horn 
T.  W.  Vaughan 

T.  L,  Walker 
T.  L.  Watson 
L.  G.  Westoate 
Edoar  T.  Wherry 
I.  C.  White 
Datid  White 
Bailey  Willis 
Geo.  R.  Wieland 
M,  E.  Wilson 
CiiAS.  W.  Wright 

F.  E.  Wright 


C,  Wythe  Cooke 
E.  De  Golyer 


FBLLOWe-SLECT 


Frank  F.  Groot 

RosWELL  H.  JOHNSOIT 


There  were  also  34  visitors  who  registered. 
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GEOLOGICAL  SOCIETY  OF  AMERICA 

OFFICERS  FOR  1SI9 

President  : 

.ToUN  C.  Mebbiam,  Berkeley,  Calif. 

Vice-Presidents  : 
R.  A.  F.  Penbose,  Jr.,  Philadelphia,  Pa. 
Herbert  E.  Gheqory,  New  Haven,  Conn. 
Robert  T.  Jackson,  Peterborough,  N.  H. 

Secretary  ,■ 
Edudnd  Otis  Hovey,  American  Museum  of  Natural  History, 

New  York,  N.  Y. 

Treasurer: 
BowiSD  B,  Mathews,  Johns  Hopkins  University,  Baltimore,  Md. 

Editor: 
J.  Stani,ey-Brow.\-,  26  Exchange  Place,  New  York,  N.  Y. 

Councilors: 
(Term  expires  1919) 
Arthur  L.  Day,  Washingtonj  D.  C. 
William  H.  Emmons,  Minneapolis,  Minn, 

(Term  expires  1920) 
Joseph  Bahrell,  New  Haven,  Conn. 
R.  A.  Daly,  Cambridge,  Mass. 

(Term  expires  1921)  ■ 

William  S.  Bayley,  Urhana,  III.  j 

Edoene  W.  Shaw,  Washington,  D.  C.  j 
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MEMBERSHIP,  1919 
CORRESPO  \D  EK  TS 

Barbois,  Ohasles.  Lille,  Ftbdcc.    December,  1909. 

BBuaoEB,  W.  C,  Chrlstlania,  Norway.    December,  1909. 

Capellini,  Giovanni,  Bologna,  Italy.    December,  1910. 

De  Oezb,  Babon  Gerhabd,  Stockholm,  Sweden.    December,  1910. 

Ceikie,  Sib  Abchibald,  Hasslemere,  Englaod.    December,  1009. 

Heiu,  Albebt,  ZUrlch,  SwltzerlaDd.    December,  1009. 

Kayseb,  Euanvel,  Marburg,  Germany.    December,  1909. 

KiLiAn,  W.,  Grenoble,  France.    December,  1912. 

Teall.  3.  3.  H.,  London,  England.    December.  1912. 

TiETZE,  Emil,  Vienna,  Austria.    December,  1910. 


■  Indicates  OrJRJnal  Fellows  (see  article  III  ot  ConntltaUon) 

Abbe,  Cleveland,  Jr.,  U.  S.  Weather  Bureau,  Waablngton,  D.  G.    Augu^  1890. 

Adaus,  Frank  Dawbon,  McClll  University,  Montreal.  Cauada.     Dec..  1889. 

Adamb,  Geohge  I.,  17  San  Tlao  Hutung,  Peking,  Glilna.    December,  1902. 

Alden,  William  C„  IT.  S.  Geological  Survey,  Washington,  D.  C.    Dec.,  1B09. 

Aldbich,  Tbuuan  H.,  Blrmli^ham,  Ala.    May,  1SS9. 

Allan,  John  A.,  University  of  Alberta,  Stratbcona,  Canada.    December,  1914. 

Allen,  R.  C,  State  Geological  Survey.  I.4iiislng.  Mich.    December.  1911- 

Aui,  Hbnit  M.,  Stratbcona  Parle,  Ottawa.  Canada.    December,  1889. 

Andebson,  Fbank  M..  State  Mining  Bureau,  2604  Aetna  St,  Berkeley.  Calil. 
£>ecember,  1902. 

A.-hderson,  Robebt  v..  Menio  Park.  Calif.    December,  1911. 

Arnold,  Ralph,  923  Union  Oil  Building,  TjOB  Angeles,  Calif.    December.  19M. 

Ashley,  Geoboe  Hall,  IT.  S.  Geological  Survey,  Washington,  D.  C.    Aug.,  1SK>. 

Atwood,  Wallace  Walteb.  Harvard  University,  Cambridge.  Mass.    Dea,  1909. 

Baog,  Rufus  Mather,  Jr.,  7  Brohaw  Place,  Appleton.  Wis.    Decemter,  J808. 

Bai.v.  H.  Foster.  Boi  9&1,  American  P.  O.,  Shanghai.  China.    December,  1895. 

Bakeb,  Manley  Bemhon,  School  of  Mining,  Kingston,  Ontario.     Dec.,  1911. 

Baldwin,  S.  Pbentiss,  2930  Prospect  Ave.,  Cleveland,  Ohio.     August,  1S95. 

Ball,  Sydney  H.,  T1  Broadway,  New  York  City.    December,  1905. 

Bancroft,  Joseph  A.,  McGlll  Unlversltj',  Montreal,  Canada.    December,  1914. 

Babboub,  Bbwin  Hinckley,  University  of  Nebraska,  Lincoln,  Neb.    Dec.,  1896. 

Babbell,  Joseph,  Yale  University,  New  Haven,  Conn.    December.  1902 

Babton,  Geobge  H.,  Boston  Society  of  Natural  History,  Boston.  Mass.    Au- 
gust. 1800. 

Babtsch,  Paul.  U.  S.  National  Museum.  Washington,  D.  C.    December,  IGIT. 

Babcou.  Flobence,  Bryn  Mawr  College,  Bryn  Mawr,  Pa.    August,  1894. 

Bassler,  Ray  Suith,  U.  S.  National  Museum,  Washington,  D.  C.    Dec,  1906. 

Babtin,  Edhon  S.,  U.  S.  Geological  Survey.  Washington.  D.  C.    Dec.  1909. 

Bateuan,  Alan  Maba.  Yale  University.  New  Haven,  Gonn.    December.  1916. 

Bayley,  William  S.,  University  of  Illinois,  Urbana,  111.    December,  1888. 
'Becker,  Geobqe  F.,  U.  S.  Geological  Survey,  Washington,  D.  C. 

Beede,  Joshua  W.,  404  West  38th  St..  Auxtln,  Texas.    December.  1902. 
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ttUKET,  Chables  p.,  Columbia  University,  New  York,  N.  T.    August,  1901. 
Bbbt,  Edwakd  Wilbeb,  Joluis  Hopkins  University,  Baltimore,  Md.    Dec.,  1909. 
Btm,  Sauvei.  Walkbb,  Iowa  Agricultural  College,  Ames,  Iowa.    Dec.,  1896. 
Black WBLDEB,  Euoi,  University  of  IlUnola,  Urbana,  111.    December,  1908. 
BoDTWELL,  JoHM  M.,  1323  De  la  Vine  St,  Santa  Barbara,  Calif.    Dec,  1906. 
Bower,  Chaklxs  F.,  U.  S.  Geological  Survey,  Washington,  D.  C.    Dec.,  1916. 
BoWEN,  N.  L.,  Queen's  University,  Kingston,  Ont.,  Canada.    December,  1917. 
BowNocKEB,  John  Adaus,  Ohio  State  University,  Columbus,  Ohio.    Dec,  1904. 
•Bkaknbs,  Joan  C„  Leland  Stanford,  Jr.,  University,  Stanford  Univ.,  Calif. 
BftANSON,  Edwin  Bates, -University  of  Missouri,  CotumblH,  Mo.    Dec,  1911. 
Bbetz,  J.  H.,  University  of  Chicago,  Chicago,  111.    December,  191T. 
HucuAii,  Albebt  Perbt,  Colgate  University,  Hamilton,  N.  Y.    December.  1893. 
Bbock,  Reoinald  W.,  Univ.  of  British  Golnmbla,  Vancouver,  B.  C.    Dec,  1004. 
Bbooks,  Alfred  Hctss,  U.  S.  Cleologlcal  Survey,  Washington,  D.  C.    Aug.,  1899. 
Bbown.  Babnuu,  American  Museum  of  Natural  History,  New  York,  N.  Y. 

December,  IBIO. 
Browk,  Charles  Wilson,  Brown  Unlverdty,  Providence,  R.  I.    Dec,  1908. 
Bbow.i,  Thomas  Clachab,  Bryn  Mawr  College,  Brjn  Mawr,  Pa.     Dec,  1915. 
BuEHLEK,  He.nbx  Andbew,  Rcdia,  Mo.    December,  1909. 
,  BuRLiNQ.  liANcASTEB  D.,  Gcotoglcal  Survcy  of  Canada,  Ottawa,  Canada.    De- 

Mmber,  1917, 
BcawASB,  Bdwaw>  M.  J.,  Victoria  College,  Toronto,  Canada.    December,  1916. 
BcTLEB,  Beet  S.,  U.  S.  Geological  Survey.  Washington,  D.  C.    December,  1912. 
BcTLEB,  G.  MoNTACi.'B,  College  of  Mines,  Tucson,  Arizona.    December,  1911. 
BiTTB,  Chables.  U.  S.  Geological  Survey,  Washington,  D.  C.    December,  1012. 
Calhocn.  Fbed  Habvet  Hall,  Clemson  College,  8.  C.    December,  1909. 
CiLKis.  Fbahk  C,  U.  S.  Geological  Survey,  Washington.  D.  C.    Dec,  1914. 
CAiiraBLL,  Henbt  D.,  Washington  and  Liee  Univ.,  Lexington,  Va.    May,  1S80. 
Campbell,  Mabius  R.,  U.  S.  Geological  Survey.  Washington,  D.  C.    Aug.,  1892. 
Campos,  Luiz  Filippe  G.  nE,  Geological  Survey  of  Brazil,  Rio  de  Janeiro, 

Brazil.    December,  1817. 
Camsell,  Chablbs,  Geological  Survey,  British  Columbia  Branch,  510  Pacific 

Building,  Vancouver.  B.  C.    December,  1914. 
Capts,  Stephen  R.,  Jb.,  U.  S.  Geological  Survey,  Washington,  D.  C.    Dec,  IdlL 
Cabman.  J.  Bbkest,  Ohio  State  University,  Columbus,  Ohio.    December,  ISIT. 
Cab.net,  Fba.nk,  1644  New  Hampshire  St.,  Lawrence.  Kans.    December,  1008. 
Cue,  Ebminb  C,  University  of  Michigan.  Ann  Arbor.  Mich.    Deceml>er,  1001. 
Chadwick,  Gkobcb  H.,  University  of  Rochester.  Rochester,  N.  Y.    Dec,  1911. 
Cbamberlin,  Rollin  T..  University  of  Chicago.  Chicago.  111.    December,  1913. 
*Chahbbbun,  T.  C,  University  of  Chicago,  Chicago,  III. 
Claqhobn.  Clabehce  Ratuond,  Ciagbom,  Pa.    August,  1801. 
Clapp.  Chables  H..  Montana  School  of  Mines,  Butte,  MonL    December.  1914. 
Clapp,  Fbedebicx  G.,  120  Broadway,  New  York.  N.  Y.    December,  1905. 
Clabk,  Bbuce  L.,  Bacon  Hsll,  Unlv.  of  California.  Berkeley,  Calif.    Dec.  1918. 
Clabkk,  John  Mason,  Albany,  N.  Y.    December.  1807. 
GuLAND,  Hebdman  F..  WltUams  College.  W1111amst«wn.  Mnss.    Dec.  1!W>. 
Clements,  J.  Moboan,  20  Broad  St.,  New  York  City.     December.  1894. 
Cobb,  Collieb,  University  of  North  Carolina.  Chapel  Hill,  N.  C.    Dec.  1894. 
Coleman,  Abthub  P..  Toronto  University,  Toronto,  Canada.    Decemlier.  1896. 
Collie,  Geobge  L.,  Belolt  College,  Belolt,  Wis.    December,  1807. 
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Collier,  Abtkl-b  J.,  U.  S.  GMlogiiral  Survey.  Wasblugton,  D.  C,    June,  1902. 

CoNDiT.  D.  Dale,  U.  S.  Geological  Survey.  WaBbtngton.  D.  C.    December,  1916 

Cook,  Chableb  W.,  University  of  Mlcbtsan,  Ann  Arbor,  Mich.    Dec.,  1915. 

Cooke,  C.  Wythe,  U.  S.  Geologicai  Survey.  Washington,  D.  C.    Dec,  1918. 

CoBTE,  Euoene,  1943  lltb  St.,  West.  Calgary.  Alberta,  Canada.    Dec.,  1906. 

Ckawnrd,  Ralph  Diion,  1060  Teatb  St.,  Boulder,  Colo.    December,  1916. 

Cbook,  Alja  K,.  State  Museum  of  Natural  History,  Springfield,  III.    Dec..  189a 
*CBOSBr,  WitxtAU  O.,  Massachusetts  Institute  of  Tecbnologj',  Boston,  Mass. 

Cboss,  Whitmas.  U.  S.  Geological  Suney,  Washington,  D.  C.    May,  1889. 

CuLVEB,  Gabbt  E..  310  Center  Ave.,  Stevens  Poiqt.  "Wis.    December,  1891. 

CuuiNos,  Edgab  R.,  Indiana  University.  Bloomlngton,  Ind.    August.  1901. 
•CnsHiso,  Henby  p.,  Western  Reserve  University,  Cleveland,  Ohio. 

Daly,  Reginald  A..  Harvard  Univerglty,  Cambridge,  Mass.    December,  19<13. 

Dana,  Edwabd  Salisbury,  Tale  Unlverelty,  New  Haven,  Conn.    Dec.,  190S. 
•Dabton,  Nelson  H.,  U.  S.  Geological  Survey,  Washington,  D.  C. 
*DavI8,  Wiluam  M.,  31  Hawthorne  St.,  Cambridge.  Mass. 

Day.  Abthvb  Lotus.  Corning  Glass  Works,  Corning.  N.  T.    December.  1909. 

Dai,  David  T..  1333  F  St.  N.  W.,  WaRhlngton,  D,  C.    August.  1891. 

Dean,  Bashford,  Columbia  Unlversltj-,  New  York,  N.  Y.    December,  1910. 

De  GolVeb,  E.  L..  65  Broadway.  New  York  City.    December,  1918.  . 

Deobsbn.  Alexa.vdbh,  S04  Stewart  Bldg..  Houston,  Texas.    December,  1916. 

De  Wolf,  Frank  Wilbbidge,  Urbana.  III.    December.  1909. 

DicKERSON.  Roy  E.,  114  Burnett  Ave..  San  Frandeco,  Calif.    December.  191S. 
*DiLLER,  Joseph  S.,  U.  S.  Geological  Survey,  Washington,  D.  C. 

D'iNviLLiERS,  Edwabd  V.,  518  Walnut  St..  rhlladelphla.  Fa.    December.  IS-SS. 

I>ODOE.  Richabd  E.,  Dodge  Farm,  Washington,  Conn.    Augunt.  1897. 

Drake.  Noah  Fields.  Fayettevllle.  Arkansan.    December,  1898. 

Dbebser,  John  A.,  701  Eantem  Towuships  Bank  Bldg..  Montreal,  Canada. 

December,  1906. 
■Duublb,  Edwin  T..  2O08  Main  St..  Houston.  Texas. 

Eaklb,  Abthvb  S..  University  of  California.  Berkeley.  Calif.    December.  1S99. 

Eckel.  Edwin  C.  Munsey  Building,  Washington,  D.  C.    December,  ]9(e. 
*EuEBBON.  Benjamin  K..  529  Went  111th  St..  New  York  City. 

EuuoNS.  William  H..  Univ.  of  MlnneHota,  Minneapolis,  Minn.    Dec..  1912. 
•Fairciiiwi,  Herman  Ij.,  University  of  Rochester,  Rochester,  N.  T. 

Faekinoton.  Ouveb  C,  Field  Museum  of  Natural  Historj*,  Chicago,  III.    De- 
cember. 1805. 

Fen  NEMAN.  Nzvw  M..  University  of  CInelnmitl,  Cincinnati,  Ohio.    Dec.,  19W- 

Fenneb,  Clarence  N..  Geophysical  Laboratory,  Washington.  D.  C.    Deo..  1911. 

FisiiEB.  Cassii's  Asa.  711  Ideal  Building,  Denver.  Colo.    December.  190S. 

FoERSTE.  AvGVST  F..  129  Wroe  Ave.,  Dayton,  Ohio.    December,  1899. 

Ford,  William  E.,  Sheffield  SclentlBc  School,  New  Haven,  Conn.    Dec.,  1915. 

Fulleb,  Mybon  I,..  Box  1109.  Dallas.  Texas.     December,  1S98. 

Galpin.  Sidney  I,..  620Vi  Sherman  Ave.,  East,  Hutchinson.  Kans.    Dec..  1917. 
iNE,  Henry  Stewart.  Wonalancet.  New  Hampshire.    December,  1896. 
lrdneb.  James  H..  510  New  Daniel  Bldg,.  Tulsa,  Oklahoma.    December.  1911. 
:oBOE.  RissELL  T>..  University  of  Colorado.  Boulder,  Colo.    December,  1906. 
LL,  Adam  Capen.  Cornell  University,  Ithaca,  N.  Y.    December,  1888, 
-ENN.  I-.  C,  Vanderbllt  University,  Nashville,  Tenn.    June,  1900. 
iLDUAN,  Isaac  Marcis.  U.  S.  Geol,  Survey,  Washington,  D.  C.    Dec..  1916. 
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GoLDTHWAiT.  James  Walter,  Dartmouth  College,  Hanover,  N.  H.    Dec.,  1909 
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GoBDON,  Clabbnce  E.,  Massacbnsetts  Agrlctiltnral  Colleice,  Amherst,  Mass. 
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CONSTITtmON    AND   By-LaWB 


REFBRBNCBS  TO  ADOPTION  AND  CHANGES 

Tbe  prorlsloDHl  ConsUtutloii  under  whtcb  tbe  Society  was  organlied  was  ap- 
proved AuKUAt  15, 1888,  and  adopted  December  27, 1868  (see  Butletln,  rotnine  1, 
pages  7-8).  Ttaeee  rules  were  elaborated  and  the  revised  Constitution  aud  By- 
Laws  n-ere  adopted  December  27,  1888  (volume  1,  pages  536,  071-678). 

Several  minor  changes  have  been  made  In  these  rules,  whicb  are  on  record  In 
the  Bulletin  as  follows :  Changes  In  the  ConstltutlDQ :  December,  1884,  volume  6, 
page  432;  December.  1S8T,  volome  9,  page  400;  December,  1909,  volume  21, 
nape  19.  Changes  In  the  By-Laws:  December,  1881,  volome  3,  page  470; 
December,  1883,  volume  S,  pages  563-654 ;  December,  1884,  volume  6,  page  432 ; 
December,  1903,  volume  14,  page  635;  December,  1908,  volume  21,  page  18. 

CONSTITUTION 


This  Society  shall  be  known  as  The  Gboloqicai.  Socibtt  of  Ameuca. 


Tbe  object  of  tble  Society  sliall  be  tlie  promotion  of  tbe  Science  of  Geology  in 
Xorth  America. 

ASTlCt£  III 
IfEHBEBBBIP 

Tbe  Society  shall  be  composed  of  Fellows,  Correspondents,  aud  Patrons. 

1.  Fellows  sball  be  persons  wbo  are  engaged  In  geological  work  or  In  teaching 
geology. 

Fellows  admitted  without  election  under  tbe  provisional  Constitution  sball  be 
designated  as  Original  Fellows  on  all  lists  or  catalogues  of  tbe  Society. 

2.  Corre^Mindents  sball  be  persons  dlsttugulshed  for  tbeir  attainments  in 
Geological  Science  and  not  resident  in  North  America. 

3.  Patrons  shall  be  persona  wbo  hare  bestowed  important  favors  upon  the 
Society. 

4.  Fellows  alpne  shall  be  entitled  to  vote  or  hold  oOlce  In  tbe  Society. 

Aancif  IV 


1.  Tbe  offlcera  of  the  Society  shall  conelat  of  a  President,  First.  Second,  and 
Third  Vice-Presidents,  a  Secretary,  a  Treasurer,  an  Editor,  and  six  Councilors. 

Tbe«e  officers,  together  with  the  Presidents  for  the  next  preceding  three 
years,  sball  constitute  an  Executive  Committee,  which  shall  be  called  the 
Coundl. 
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2.  The  PreeldeDt  staall  dlscbarge  the  nenal  duUei  of  a  presiding  officer  at  all 
meetings  of  tbe  Socletr  and  of  tbe  Council.  He  ehaU  take  cognizance  of  the 
acta  of  tbe  Sodety  and  of  Its  officers,  and  cause  tbe  provisions  of  tbe  Constitu- 
doa  and  By-Laws  to  be  faltiifnlly  carried  into  effect 

3.  Tbe  First  Vice-President  shall  assume  tbe  duties  of  President  In  case  of  tb« 
absence  or  disability  of  tbe  latter.  Tbe  Second  Vlce-Prealdent  sball  assume  tbe 
duties  of  Pre^dent  In  case  of  the  absence  or  disability  of  both  tbe  Presideol 
and  First  Vice-President.  The  Third  Vice-President  shall  assume  the  duties 
of  President  in  case  of  the  absence  or  dlsablUty  of  the  President  and  the  First 
and  Second  Vice-Presidents. 

4.  The  Secretary  shall  keep  the  records  of  the  proceedings  of  the  Society,  and 
a  complete  list  of  the  Fellows,  irith  tbe  dates  of  their  election  and  discounM'iloD 
with  the  Society.    He  shnll  also  be  the  secretary  of  tbe  Council. 

Tbe  Secretary  shall  cooperate  vitb  the  President  in  attention  to  the  ordinary 
affairs  of  tbe  Society.  He  shall  attend  to  tbe  preparation,  printing  and  mailluE 
of  circulars,  blanks  and  notlllcattons  of  elections  and  meetings.  He  sball  super- 
intend other  printing  ordered  by  tbe  Society  or  by  tbe  Presidrat,  and  sball  biiTe 
charge  of  its  distribution,  under  the  direction  of  the  Council. 

The  Secretary,  unless  other  provision  be  made,  shall  also  act  as  Editor  of  the 
publications  of  the  Society,  and  as  Librarian  and  Custodian  of  tbe  property. 

5.  The  Treasurer  sball  have  tbe  custody  of  all  funds  of  the  Society.  He  sball 
keep  account  of  receipts  and  disbursements  In  detail,  and  this  shall  be  audited 
as  hereinafter  provided. 

6.  Tbe  Editor  shall  supervise  all  matters  connected  with  the  publication  n1 
tlie  transactions  of  tbe  Society  under  tbe  direction  of  the  Council. 

7.  The  Council  Is  clothed  with  executive  authority  and  with  the  l^lslntlve 
powers  of  tbe  Society  In  the  intervals  between  Its  meetings ;  Imt  no  extraordi- 
nary act  of  tbe  Council  sball  remain  In  force  beyond  the  ne\t  following  st:Ue<l 
meeting  without  ratification  by  the  Society.  The  Council  shaJl  have  control  of 
the  publications  of  the  Society,  under  provisions  of  the  By-Laws  and  of  res'> 
lutione  from  time  to  time  adapted.  Tbey  shall  receive  nominations  for  Felloui', 
and,  on  approval  by  them,  shall  submit  such  nominations  to  the  Society  for 
action.  They  shall  have  power  to  fill  vacancies  nd  interim  in  any  of  tbe  offires 
of  tbe  Society. 

8.  Ternit  of  offlce.—The  President  and  Vice-Presidents  sball  be  elected  onnn- 
ally,  and  sball  not  be  eligible  to  re-election  more  than  once  until  after  na 
interval  of  three  years  after  retiring  from  office. 

The  Secretary,  Treasurer,  and  Editor  shall  be  eligible  to  re-election  wlthoni 
limitation. 

Tbe  term  of  office  of  tbe  Councilors  shall  be  three  years ;  and  these  officers 
shall  be  so  grouped  that  two  shall  be  elected  and  two  retire  each  year.  Coun- 
cilors retired  shall  not  be  re-eligible  till  after  the  expiration  of  a  year. 

Abtici.e  V 

raTINQ  AKD  ELBCTIOTTS 

1.  All  elections  shall  be  hy  ballot.  To  elect  a  Fellow,  Correapondent  or 
Patron,  or  IniiMiw  nny  speclHl  tax,  shall  require  tbe  asB«tt  of  QlDe-tenths  of  all 
Fellows  voting. 
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2.  Voting  bf  letter  may  be  allowed. 

3.  Election  of  FelloKi. — Nominations  for  fellowBblp  may  be  made  by  two 
Fellows  according  to  a  form  to  be  proTided  by  tlie  Council.  One  of  these  Fel- 
lows must  be  perawially  acquainted  wltb  the  nominee  and  bis  Qualiflcatlona  for 
memberBbip.  Tbe  Council  will  submit  tbe  nominations  received  by  tb^,  if 
■pprored.  to  a  rote  of  the  Society  in  tbe  manner  provided  In  tbe  By-Laws.  The 
result  may  be  announced  at  any  stated  meeting ;  after  whlcb  nottce  sliall  be 
sent  ont  to  Fellows  elect. 

4.  BleeUo*  of  offlmra. — Nominations  for  office  shall  be  made  by  the  GonncU. 
The  nominatloDs  sball  be  siUtmltted  to  a  vote  of  the  Society  in  the  same  manner 
as  nominations  for  fellowship.  Tbe  resntts  sball  be  aanonnced  at  the  Annual 
Meeting;  and  the  offlcers  thus  elected  shall  enter  niion  duty  at  the  adjournment 
of  tbe  meeting. 

Abticlc  VI 


1.  Tbe  Society  shall  bold  at  least  one  stated  meeting  a  year,  In  the  winter 
season.  The  date  and  place  of  tbe  Winter  Meeting  sball  be  fixed  by  the  Conu- 
<'il.  and  announced  eacb  year  witbin  three  months  after  tbe  adjournment  of  the 
preceding  Winter  Meeting.  The  program  of  eacb  meeting  shall  be  determined 
by  the  Council,  and  announced  beforehand,  in  Its  general  features.  The  de- 
tails of  the  daily  Besslons  shall  also  be  arranged  by  tbe  Couudl. 

2.  The  Winter  Meeting  shall  be  regarded  as  tbe  Annual  Meeting.  At  ttal% 
elections  of  oOcers  shall  be  declared,  and  the  officers  elect  sball  enter  upon 
duty  at  tbe  adjournment  of  tbe  meeting. 

3.  Special  meetings  may  be  called  by  the  Council,  and  must  be  called  upon 
tbe  written  request  of  twenty  Fellows. 

4.  Stated  meetings  of  the  Council  shall  be  held  colnddentiy  wltb  the  stated 
meetlnga  of  the  Society.  Special  meedngs  may  be  called  by  tbe  President  >t 
such  times  as  be  may  deem  necessary. 

5.  Quorum.— At  meetlnga  of  the  Society  a  majority  of  those  restored  in 
attendance  shall  constitute  a  quorum.  Five  sball  CMiatitute  a  quorum  of  tbe 
Conndl. 

AancLE  VII 

PUBLICATION 

s  of  tbe  Society  nball  be  under  the  Immediate  control 
AancLE  VIII 


Any  group  of  G^ows  reiweeenting  a  particular  branch  of  geology  may,  with 
'Hinsent  of  tbe  Council,  organize  as  a  section  of  tbe  Society  wltb  separate  con- 
stitution and  by-laws,  provided  that  nothing  In  sucb  constitutiott  and  by>laws 
i-onOlct  with  the  Coustltntion  and  By-Laws  of  the  Geological  Society  of  America. 
Ib  letter  or  q>Mt,  and  provided  that  such  constitution  and  by-laws  and  all 
amendments  thereto  shall  have  been  approved  by  tbe  Council. 
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AUKNDUBMTS 

1.  Tbls  Canstltutlon  may  be  amended  Bt  any  anniiBl  meeting  by  a  Ibree 
fourtba  vote  of  all  tbe  Fellows,  provided  that  tbe  proposed  amendment  shal 
bave  been  submitted  In  print  to  all  Fellows  at  least  tbree  montba  prevlons  ti 
the  meeting. 

2.  By-laws  may  be  made  or  amoided  by  a  majorlly  rote  of  the  Fellowi 
present  and  voting  at  any  annual  meeting,  prorlded  tbat  printed  notice  of  tbi 
proposed  amendment  or  by-law  shall  hava  been  given  to  all  Fellows  at  less 
three  montba  before  ttie  meeting. 


1.  No  person  shall  be  accepted  as  a  Fellow  unless  he  pay  his  initiation  fee 
and  the  dues  for  tbe  year,  within  three  months  after  notlBcation  of  his  election 
The  Initiation  fee  shall  be  ten  (10)  dollars  and  the  annual  does  ten  (10)  dol 
lars,  tbe  latter  payable  on  or  before  the , annual  meeting  In  advance;  but  ■ 
single  prepayment  of  one  hundred  fifty  (150)  dollars  sbal]  be  accepted  as  com 
mutation  for  life.  A  Fellow  In  good  standing,  however,  wbo  bas  paid  annual 
dues  for  not  leas  tbsn  fifteen  (IS)  years  may  commute  further  dues  and  be 
come  a  Life  Fellow  by  making  a  single  payment  of  one  hnndred  (100)  dollars 

2.  Tbe  sums  paid  In  commutation  of  dues  shall  be  covered  Into  the  Publico 
tlon  Fund. 

3.  An  arrearage  in  payment  of  aunual  dues  shall  deprive  a  Fellow  of  tbt 
privilege  of  taking  part  in  tbe  management  of  tbe  Society  and  of  receiving  tb( 
publlcattonB  of  the  Society.  An  arrearage  continuing  over  two  (2)  years  sball 
be  construed  as  notification  of  withdrawal. 

4.  Any  person  eligible  under  Article  III  of  tbe  Constitution  may  be  dected 
Patron  upon  the  payment  of  one  thousand  (1,000)  dollars  to  tbe  Publlcatioi 
Fund  of  the  Society. 

Chafteb  II 

OF  OFFICIALS 

1.  Tbe  President  shall  countersign,  if  be  approves,  all  duly  authorized  hc- 
counts  and  orders  drawn  on  the  Treasurer  for  tbe  disbursement  of  money- 

2.  The  Secrettiry,  until  otherwise  ordered  by  tbe  Society,  shall  perform  tbe 
duties  of  Editor,  Librarian,  and  Custodian  of  tbe  property  of  the  Society. 

3.  The  Society  may  elect  an  Assistant  Secretary. 

i.  Tbe  Treasurer  shall  give  bonds,  with  two  good  sureties  approved  by  tbf 
Ckiuncll,  In  the  sum  of  Ave  thousand  dollars,  for  tbe  faithful  and  honest  per- 
formance of  bis  duties  and  the  safe-keeping  of  tbe  funds  of  tbe  Sodety.  Ur 
may  deposit  tbe  fnnds  in  bank  at  bis  discretion,  but  shall  not  lovest  tbem 
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wltbont  antborlty  of  tbe  Council.  Hla  accounts  sfaall  be  balanced  as  on  tbe 
tbirtlctb  day  of  November  of  eacb  rear. 

S.  In  the  selection  of  ConncHora  tbe  varloas  sections  of  Nortb  America  shall 
be  represented  as  far  as  practicable. 

&  Tbe  mlnntes  of  tbe  proceedings  of  tbe  Council  sball  be  subject  to  call  by 
tbe  Society. 

7.  Tbe  Conndl  may  transact  Its  business  by  correspondence  during  tbe  Inter- 
Tils  between  Its  stated  meetings ;  but  afflrmatlTe  action  by  a  majority  of  the 
Conocil  sball  be  necessary  In  order  to  make  action  by  correspondence  valid. 

Chapteb  III 


1.  Nominations  for  fellowship  may  be  proposed  at  any  time  on  blanks  to  be 
supplied  by  tbe  Secretaiy. 

2.  Tbe  form  for  tbe  nomination  of  Fellows  sball  be  as  follows : 

In  accordance  with  bis  desire,  we  respectfully  nominate  for  Fellow  of  tbe 
Oeologlcfll  Society  of  America : 

Pall  name;  degrees;  address;  occupation;  branch  of  Geology  now  engaged 
In,  work  already  done  and  publications  made. 

(Signed  by  at  least  two  Fellows.) 

The  form  when  flUed  Is  to  be  transmitted  to  tbe  Secretary. 

3.  The  Secretary  will  bring  all  nominations  before  tbe  Council,  and  the 
Coundl  will  signify  Its  approval  or  disapproval  of  each. 

4.  At  least  a  month  before  one  of  tbe  stated  meedngs  of  the  Society  tbe 
Secretary  will  mall  a  printed  list  of  all  approved  nominees  to  each  Fellow,  ac- 
companied Iks  such  Informatlrai  as  may  he  necessary  for  Intelligent  voting;  hot 
an  Infbrmal  list  of  the  candidates  shall  be  sent  to  each  Fellow  at  least  two 
wedw  prior  to  distribution  of  the  ballots. 

5.  Tlie  Fellows  receiving  tbe  list  will  algnlfy  their  approval  or  dlsspproval 
of  each  nominee,  and  return  the  lists  to  the  Secretary. 

6.  At  tbe  next  stated  meeting  of  the  Conndl  tbe  Secretary  will  present  the 
lists  and  the  Council  will  canvass  tbe  returns. 

7.  Tbe  Coundl,  by  unanimous  vote  of  the  members  in  attendance,  may  still 
exercise  tbe  power  of  rejection  of  any  nominee  whom  new  information  shows 
lo  be  unsultablo  for  fellowship. 

8.  At  tbe  next  stated  meeting  of  the  Society  the  Council  shall  declare  tbe 

9.  Correspondents  and  Patrons  shall  be  nominated  by  the  Coundl,  and  shall 
t»e  dected  In  the  same  manner  as  Fellows. 

Chapteb  IV 


1.  The  Conndl  shall  prepare  a  list  of  nominations  for  the  several  otflces. 
which  list  will  constitute  tbe  regular  ticket  The  ticket  must  be  approved  by  a 
majority  of  tbe  entire  Coundl.  The  nominee  for  President  shall  not  be  n  mem- 
ber of  the  Conndl.     One  of  tbe  nominees  for  vice-president  shall  l>e  tbe 
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nooiluM  for  the  preddeoey  of  the  Paleontologifal  Society,  wUIt^b  lias  be*D 
organized  as  a  section  under  Article  VIII  of  the  ConetltutlcHi. 

2.  Tbe  list  sball  be  mailed  to  tbe  Fellows,  for  tbelr  Information,  at  least  ulne 
moutbs  before  the  Annual  Meeting.  Any  five  Fellows  may  forward  to  the 
Secretary  other  nomlnatioaa  for  any  or  all  offlces.  All  such  nouilnatloaa  reaeli- 
Uig  the  Secretary  at  least  40  days  before  the  Annual  Meeting  shall  be  printed, 
together  with  the  names  of  the  nominators,  as  special  tickets.  Tlie  reguinr 
and  special  tlcliets  shall  then  be  mailed  to  the  Fellows  at.  least  25  days  before 
the  Anunal  Meeting. 

3.  The  F^lowB  will  send  their  ballots  to  the  Secretary  In  double  envelopes, 
the  outer  envelope  bearing  the  voter's  name.  At  the  Winter  Heetlng  of  tbe 
Council,  the  Secretary  will  bring  the  returns  of  ballots  before  tbe  GoDodl  for 
canvass,  and  during  the  Winter  Meeting  of  tbe  Society  the  Council  shall  declare 
the  result. 

4.  In  case  a  majority  of  all  the  ballots  shall  not  have  been  cast  for  any  can- 
didate for  any  office,  the  Society  shall  by  ballot  at  such  Winter  Meeting  proceed 
to  maiie  an  election  for  such  office  from  the  two  candidates  having  the  highest 
nnmber  of  votes. 

Grafteb  V 

or  nRAITGIAL  HBTHO06 

1.  No  pecuniary  obligation  shall  be  contracted  without  express  sanction  of 
the  Society  or  tbe  ConnciL.  But  it  is  to  be  understood  that  all  ordinary,  inci- 
dental, and  running  expenses  have  the  permanent  sanction  of  the  Society,  with- 
out special  action. 

2.  Tte  creditor  of  tbe  Society  must  present  to  the  Treasurer  a  fully  ItemiKed 
bill,  certified  by  the  official  ordering  It,  and  approved  by  the  President.  The 
Treasurer  shall  then  pay  the  amount  out  of  any  funds  not  otherwise  appro- 
priated, and  tbe  receipted  bill  shall  be  held  as  his  voocber. 

3.  At  each  annnal  meeting,  the  President  shall  call  upon  the  Society  to  choose 
two  Fellows,  not  members  of  the  Council,  to  whom  sball  be  referred  tbe  books 
of  tbe  Treasurer,  duly  posted  and  balanced  to  the  close  of  November  thirtieth, 
as  specified  In  the  By-laws,  Chapter  II,  clause  i.  Tbe  Anditora  shall  examine 
tbe  accounts  and  vouchers  of  the  Treasurer,  and  any  member  or  members  of 
tbe  Council  may  he  present  during  the  examination.  The  report  of  the  Andl- 
tors  shall  be  rendered  to  tbe  Society  before  the  adjournment  of  the  meeting, 
and  tbe  Society  shall  take  appropriate  action. 

Chapter  VI 

OF  PUStlCATIOITS 

1.  The  publications  are  In  charge  of  tbe  Council  and  under  Its  control. 

2.  One  copy  of  each  publication  shall  be  sent  to  each  Fellow,  Carrespondent, 
and  Patron,  and  each  author  shall  receive  thirty  (30)  copies  of  his  memoir. 


OP  THE  PUBLICATION  FUND 

1.  The  Publication  Fund  shall  consist  of  donations  made  In  aid  of  pubilca- 
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tlon,  and  of  tbe  sums  paid  In  conimutatioa  at  dues,  according  to  tbe  Br-Lnn-s, 
Chapter  I,  clause  2. 

2.  DoDora  to  this  fund,  not  Fellows  ot  tbe  Society,  Id  the  sam  of  two  hun- 
dred dollars,  sball  be  entitled,  witbont  cbai^e,  to  tbe  publications  subsequently 
appearing. 

Chapteb  VIII 


1.  Tbe  Order  of  Bnalness  at  Winter  Meetings  Bhall  be  as  follows: 

(1)  Call  to  order  by  tbe  presiding  oQlcer. 

(2)  Introductory  ceremonies. 

(3)  Report  of  tbe  Council  (Inoludlne  report  of  tbe  otUcers). 

(4)  Appointment  of  tbe  Andfttng  Committee. 

(5)  Declsratlon  of  tbe  vote  for  offlcers,  and  election  by  tbe  meeting  in 

CAM  of  (allnre  to  elect  by  tbe  Society  tbroagb  transmitted  ballots. 
(«)  Declaration  of  tbe  vote  for  Fellowa 

(7)  E>efenred  business. 

(8)  New  baslneaa 

(9)  Annonncemrats. 

(10)  Necrology. 

(11)  Reading  of  BdentlBc  papers. 

2.  At  an  adjourned  session  tbe  order  shall  be  reaumed  at  tbe  place  reached 
on  tbe  previous  adjournment,  but  new  business  will  be  In  order  before  ttM 
reading  of  sclentlflc  papers. 

3.  At  the  Summer  Meeting  tbe  Items  of  buaineaa  niider  numbers  (3),  (4), 
(5),  (10)  shall  be  omitted. 

4.  At  any  Special  Meeting  the  order  of  business  shall  be  numbers  <1),  (2>, 
(3),  (9).  followed  by  tbe  special  business  for  which  tbe  meeting  was  called. 
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POBLICATION  fiULEB  OF  THE  GEOLOGICAL   SOCIBTT  OF   AhEBICA 


{Adopted  by  the  Council  April  SI,  1891;  Reviged  April  SO.  J89i.  May,  1904.  <"><! 
Februan/  5, 1910) 


Gknxkal  Pbovisionb 

SEtrnoK  1.  Tbe  CoudcU  aball  aimuBlly  anMlnt  from  tbeir  own  number  a 
Publicatloa  Committee,  conBlatlng  of  the  Secretary,  tbe  Treasurer,  the  Editor, 
and  two  others,  whose  duties  shall  be  to  determine  tbe  disposition  of  matter 
offered  for  publication,  except  as  proTtded  In  section  12 ;  to  determine  tbe  ex- 
pediency, In  view  of  the  Bnanclal  condition  of  tbe  Society,  of  publisblng  an; 
matter  accepted  on  its  merits ;  to  exercise  general  overslgbt  of  the  matter  and 
manner  of  publication:  to  determine  tbe  sbare  of  tbe  coat  of  publication  (In- 
cluding Illustrations)  to  be  borne  by  tbe  anthor  wbea  It  becomes  necessary  to 
divide  cost  between  tbe  Society  and  tbe  antbor;  to  adjudicate  any  qnesUooB 
relating  to  publication  tbat  may  be  raised  from  time  to  time  by  the  Editor  or 
by  tbe'  Fellows  of  tbe  Society ;  and  In  general  to  act  for  tbe  Council  In  all 
matters  pertaining  to  publication.  (Cons.,  Art.  IV,  7;  Art  VII;  By-Laws, 
chap.  VI). 

2.  Tbe  duties  of  tbe  Editor  are  to  receive  material  offered  for  publication; 
to  einmine  and  submit  It,  with  estimates  of  cost,  to  the  Publication  Commit- 
tee; to  publish  all  material  accepted  by  the  Council  or  Publication  Committee; 
to  revise  proofs  in  connection  with  authors ;  to  prepare  lists  of  contents  and 
general  indexes;  to  audit  bills  for  priutli^  and  illustrating;  and  to  perform 
all  other  duties  connected  with  publicatSou  not  assigned  to  other  officers. 
(Cons.,  Art.  IV,  6;  Rules,  Sec.  16.) 

3.  Tbe  duties  of  tbe  Secretary  include  tbe  preparation  of  a  record  of  tbe 
proceedings  of  each  meeting  of  the  Society  iu  form  for  publication,  and  the 
custody,  distribution,  sale,  exchange  or  other  authorized  disposition  of  tbe 
publications.     (Cons.,  Art.  IV,  4;  By-Laws,  chap.  11,2.) 

4.  Special  committees  may  be  appointed  by  the  Council  or  tbe  Publicadon 
Committee  to  exaniiue  and  report  on  any  matter  offered  for  publication. 
(Rnlea,  Sec.  11.) 

The  BinxETiN 

Tin.E   AND  OFTTERAL   CHARACTEB 

a.  The  Soi-iety  shall  publish  a  serial  record  of  Its  work  entitled  "Bulletin  of 
the  Geolofrical  Society  of  America." 

6.  The  Bulletin  shall  be  published  in  quarterly  parts,  consecutively  paged 
for  each  volume.  The  parts  shall  be  suitably  designated  and  each  shall  bear  n 
title  setting  forth  the  contents  and  nuthorslilp,  the  seal  and  imprint  of  the 
Societj-  and  the  date  of  publication. 
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T.  Tbe  closing  quarterl?  part  of  eacb  volume  sball  contalu  an  Index,  paged 
consecnttTely  wltli  tbe  body  of  tbe  volume;  and  It  stiaU  be  accompanied  by  a 
Tolume  title-page  and  lists  of  contents  and  11  lustra  Hods,  togetber  with  Hats  of 
the  publications  of  tbe  Society  and  sucb  other  matter  as  the  Publication  Com- 
mittee may  deem  necessary,  all  arranged  under  Roman  pagination. 

HATTXB  or  THK  BULLEHN 

8.  The  matter  published  In  tbe  Bulletin  shall  comprise  (1)  coinmunlcallonB 
presented  at  meetingH  by  title  or  otherwise;  (2)  communications  or  manotre 
not  presented  t>efore  tbe  Society;  (3)  abstracts  of  papers  read  before  the  So- 
d«T,  prepared  or  revised  for  publication  by  authors;  (4)  reports  of  discus- 
sions held  before  tbe  Society,  prepared  or  revised  for  publication  by  authors; 
(5)  proceedings  of  tbe  meetings  of  the  Society  prepared  by  tbe  Secretary;  (6) 
plates,  maps,  and  other  Illustrations  necessary  for  the  proper  understanding 
of  communications ;  <7)  lists  of  Officers  and  Fellows,  Constitution,  By-Laws, 
resolutions  of  permanent  character,  rules  relating  to  procedure,  to  publication, 
and  to  other  matters,  etcetera,  and  (8)  Indexee,  title-pages,  and  lists  of  con- 
toits  for  each  volume. 

9.  Abatracts.  reports  of  discussion,  or  other  matter  purporting  to  emanate 
from  any  autboi  shall  not  be  publidied  unless  prepared  or  revised  by  the 
antbor. 

10.  Manuscript  designed  for  publication  In  tbe  Bulletin  mnst  be  complete  as 
to  copy  for  text  and  lllnstratlon,  except  by  special  arrangement  between  the 
■Dtbor  and  tbe  Council  or  Publication  Committee;  It  must  be  perfectly  legible 
(preferably  typewritten)  and  preceded  by  a  table  of  contents  {section  15>. 
Tbe  cost  of  necessary  revlnlon  of  copy  or  reconstruction  of  illuatrations  sball 
be  assessed  on  the  author. 

11.  The  Editor  sball  examine  matter  designated  for  publication,  and  sball 
prepare  an  Itemized  estimate  of  the  cost  of  publication  and  convey  the  whole 
to  the  Publication  Committee.  Tbe  Publication  Committee  shall  then  ncrutl- 
Diie  tbe  communication  with  reference,  first,  to  relevancy ;  second,  to  sdentlflc 
value;  third,  to  literary  character,  and,  fourth,  to  coat  of  publication.  Including 
revision.  For  advice  with  reference  to  the  relevancy,  B<^entlf1c  value,  and 
literary  character  of  any  communication  tbe  Publication  Coninilttce  may  refer 
It  to  a  special  committee  of  tbeir  own  number  or  of  tbe  Society  at  large  or 
may  call  to  their  aid  from  outside  one  or  more  experts.  Questions  of  disagree- 
ment between  tbe  Editor  and  authors  shall  be  referred  to  tbe  Publication 
Committee  and  appeal  may  be  taken  to  tbe  Council. 

12.  Communications  from  non-fellows  shall  be  published  only  by  Ni)Fclflc 
authority  from  tbe  Council. 

13.  Communications  from  Fellows  not  presented  at  regular  meetings  of  tbe 
Society  shall  be  published  only  upon  unanimous  vote  of  the  Publication  Com- 
mittee, except  by  speclHc  authority  from  tbe  Conncll, 

14.  Matter  offered  for  iiubllcntlon  becomes  thereby  tbe  properiy  of  the  So- 
ciety, and  ahall  not  be  publUhed  elsewhere  prior  to  publication  In  tbe  Bulletin, 
except  by  consent  of  the  ruhlicatlon  Committee. 
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IMTAILa  or  THE  BULUTIN 

IS.  The  matter  of  each  memoir  sfaall  be  classifled  by  anbjecte,  and  tbe  claasl- 
floatlon  snitably  Indicated  by  snbtltlee;  and  a  list  of  conteots  shall  be  ai- 
ranged;  and  such  memoir  may,  at  tbe  option  of  tbe  Publication  Committee, 
contain  an  alpbabetical  Index,  provided  the  autbor  prepare  and  pay  for  it 

le.  Proofa  of  text  and  illustratlODs  aball  be  submitted  to  authors  whenever 
practicable;  but  printing  aball  not  be  delayed  by  reason  of  absence  or  Inca- 
pacity of  authors  more  than  one  week  tteyond  tbe  time  required  for  transmis- 
BloQ  by  mail.  Complete  proofs  of  tbe  proceedings  of  meetln)<B  shall  be  sent  to 
tlie  Secretary,  and  proofs  of  papers  and  abstracts  contained  tberein  and  ex- 
ceeding one-taalf  page  In  length  shall  be  sent  also  to  autbors. 

IT.  Tbe  co9t  of  proor  corrections  in  excess  of  Ave  per  cent  on  the  coat  of 
printing  may  be  charged  to  authors. 

18.  TJnIesB  the  antbor  of  a  memoir  objects  thereto,  the  diacasalan  upon  his 
commnnicatioD  shall  be  printed  at  tbe  end  tbereof,  wltb  a  soltable  referMtce 
in  the  list  of  contents.  In  case  the  antbor  objects  to  this  arrangem^it,  the 
discussion  shall  be  printed  in  tl>e  closing  number  of  the  volume. 

19.  The  author  of  each  memoir  occupying  eight  pages  or  more  of  text  In  the 
body  of  the  Bulletin  shall  receive  30  "separates"  without  charge,  and  may 
order  through  the  Bdltor  any  edition  of  exactly  similar  separatee  at  an  ad- 
vance of  ten  per  cent  on  the  cost  of  paper,  presswork  and  binding ;  and  no 
author's  separates  of  such  memoirs  shall  be  Issued  exc^t  In  tbis  r^ular  form. 

20.  Authors  of  papers,  abatracta,  or  dlscnsaious  less  than  ^bt  printed  pages 
in  lei^th  may  order,  through  the  Editor,  at  an  advance  of  tan  per  cent  on  tlie 
cost  of  paper,  presswork,  blading;  and  neceasary  composition,  any  nomber  of 
extra  copies,  provided  they  bear  the  original  pagination  and  a  printed  refer- 
ence to  tbe  aerial  and  volume  from  which  they  are  extracted. 

21.  Tbe  Editor  shall  keep  a  record  of  all  poblicationB  Issned  wholly  or  in 
tMirt  under  tbe  auspices  of  tbe  Society,  whether  they  t>e  author's  editions  of 
memoirs,  author's  extracts  from  proceedings,  or  any  other  matter  printed  from 
type  originally  composed  for  the  Bulletin. 

DiaECTIONB  TO  PKIIITEB 

22.  Each  memoir  of  tbe  Bulletin  shall  begin,  under  its  proper  title,  on  an 
odd-numbered  page  bearing  at  its  head  tbe  title  of  tbe  serial,  the  volume  num- 
ber, tbe  part  number,  tbe  limiting  pages,  the  plates,  and  tbe  date  of  publica- 
tion, together  with  a  list  of  contents.  Each  memoir  shall  be  accompanied  by 
tbe  llluatrationa  pertaining  to  It,  tbe  plates  numbered  consecutively  for  tbe 
volume. 

33.  The  author's  separatee  of  each  memoir  shall  be  enclosed  In  a  cover  bear- 
lug  at  tbe  head  of  its  title-page  the  title  of  the  serial,  the  volume  nnmber,  the 
limiting  pages,  and  the  numbers  of  tbe  contained  plates :  in  its  npper-central 
part  a  title  Indicating  the  contents  and  authorship;  in  its  lower-central  part 
tbe  seal  of  the  Society;  and  at  tbe  bottom  tbe  Imprint  of  the  Society.  (See 
niao  sections  19  and  20.) 
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24.  'Rie  bottom  of  each  ^gnatare  and  each  Initial  page  will  bear  a  slKnature 
mark  giving  an  abbreviated  title  of  tbe  serial,  tbe  Tolnme,  and  tbe  year ;  and 
erenr  page  (except  volume  title-page)  aball  be  numbered,  tbe  Initial  and  sub- 
title pages  in  parentbeees  at  bottom. 

25.  Tbe  page-head  titles  shall  be :  on  even-numbered  pages,  name  of  autbor 
and  catcb  title  of  pnper;  on  odd-numbered  pages,  catcb  title  to  contents  of 
page. 

28.  The  date  of  publication  of  each  brochure  shall  be  the  day  upon  which 
tbe  last  form  Is  locked  and  put  on  the  press. 

27.  Tbe  type  used  In  printing  the  Bulletin  shall  be  as  follows :  for  memoli's, 
body,  long  primer,  6-to-ploa  leads;  extracts,  brevier,  8-to-plca  leads;  footnotes, 
nonpareil,  set  solid;  titles,  long  primer  caps,  wltb  small  caps  for  author's 
□Dme ;  snbtltles,  long  primer  caps,  small  caps,  italic,  etcetera,  ns  far  as  practi- 
cable; for  designation  of  cuts,  nonpareil  caps  and  Italics,  and  for  legends,  non- 
pareil, Roman,  set  solid;  for  lists  of  contents  of  brocbnres,  brevier,  6-to-pioa 
leads,  a  new  line  to  an  entry,  running  Indentation;  for  volumes,  the  same,  ex- 
cept 4-to-pIca  leads  and  names  of  antbors  in  smell  caps ;  for  Indexes,  nonpareil. 
set  solid,  double  column,  leaders,  catch  words  In  small  caps,  with  spaces  be- 
tween Initial  letters.  For  serial  titles,  on  Initial  pages,  brevier  block  caps,  with 
corresponding  small  caps  for  volume  designation,  etcetera ;  on  covers,  the  same, 
except  for  page  heads  long  primer  caps;  for  serial  designation,  long  primer; 
for  brochure  designation,  pica  caps ;  special  title  and  author's  name,  etcetera, 
long  primer  and  brevier  caps;  no  frame  on  cover.  No  chnn^e  in  type  shall  be 
made  to  adjust  matter  to  pages. 

28.  Volumes,  plates,  and  cuts  in  text  shall  be  numbered  in  Arabic ;  Roman 
□umeration  sball  be  used  only  In  signature  marks,  and  In  paging  the  lists  of 
contents,  etcetera,  arranged  for  binding  at  tbe  beginning  of  the  volume. 

20.  Imprimatur  of  Editor,  on  volume  title-page :  imprimatur  of  Council  and 
[>ubllcatlon  Committee,  on  obverse  of  volume  title-page ;  imprimatur  of  Secre- 
tary, on  initial  pages  and  covers  of  brochures  of  proceedings,  renter's  card. 
In  fine  type  on  obverse  of  tltle-pDge. 

30.  The  paper  shall  be  for  body  of  volume,  70-pound  toned  paper,  folding  to 
l6x2S  centimeters:  for  plates,  good  quality  plate  paper,  smootb-surfaced, 
white,  cut  to  Q^i  1 10  inches  for  single  plates ;  for  covers  smooth-surfaced,  line 
quality  70-ponnd  Itght-bufF  manlla  paper. 

31.  The  sheets  of  tbe  brochures  shall  be  stitched  with  thread ;  single  page 
plates  shall  be  stltcbed  wltb  tbe  sheets  of  the  brochure ;  folding  plates  may  be 
either  gammed  or  stitched  (mounted  on  stubs  if  necessary)  ;  covers  sball  be 
gummed. 

EOITION,  OISTBlBUnOK,   AND   PKICE 

32.  Tbe  regular  edition  shall  be  600  copies  In  the  regular  quarterly  fonu  and 
40  copies  separately  In  covers  of  each  memoir  occupying  eight  pages  or  more 
of  text.  Each  author  of  a  memoir  occupying  not  less  tbnn  eight  pages  of  text 
shall  recdve  30  copies  of  bis  memoir  gratis.    If  two  or  more  authors  contribute 
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to  a  BMHtoir  brochure  of  eight  pafcee  or  more  in  lengtb,  tbe  edition  aball  be 
enlarged  so  bb  to  give  eacb  autbor  30  copies.     (Bj-Laws,  chap.  TI,  2.) 

33.  The  undistributed  residue  of  separates  shall  be  held  for  sale. 

34.  The  Bulletin  shall  be  sent  free  to  Fellows  of  tlie  Society  not  Id  arrears 
for  dues,  and  also  to  escbauglng  institutions.     (By-Laws,  cbap.  I,  3.) 

36.  Tbe  price  of  tbe  Bulietiu  sball  be  as  follows :  To  Fellows,  libraries,  and 
iuatltutions,  and  to  Individuals  not  reHiding  in  North  America,  |7.50  per  toI- 
nme;  to  individuals  residing  In  North  America  and  who  are  not  Fellows,  tlO. 
Tbe  price  of  each  brtichure  shall  be  a  multiple  of  Ave  cents,  and  shall  be,  to 
Fellows,  one  cent  per  page  plus  three  cents  per  plate,  and  to  the  public  an 
advance  of  Oft;  per  cent  on  tlie  price  to  Fellows.  Tbe  prices  of  tlie  separate 
brochures  and  of  the  quarterly  paris  may  be  found  in  tbe  front  of  eadi  volume 
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Session  of  Satuboat,  Decehbbr  28 

The  tenth  annual  meeting  of  the  Society  was  called  to  order  by  Presi- 
dent Knowlton  at  10  a.  m.,  December  28,  in  the  Civil  Engineering  Build- 
ing, at  Johns  Hopkins  TTniversity.  The  report  of  the  Council  was  the 
first  matter  of  business  on  the  program. 

Report  of  the  Council 
To  the  Paleonlological  Societtf,  in  tettfh  annwU  meeiing  assrmhJed: 

Two  formal  meetings  of  the  Council  have  been  held  during  the  year — 
one  at  Pittsburgh,  following  the  ninth  annual  meeting,  and  the  second 
just  before  the  present  session.  Several  members  of  the  Council  have 
met  informally  at  Washington  during  the  year  and  discussed  matters  of 
business,  which  was  concluded  with  the  other  Council  members  by  corre- 
spondence. The  following  refwrts  of  officers  give  a  resume  of  the  admin- 
istration for  the  tenth  year  of  the  Society : 

Secretast's  Report 
To  the  Council  of  the  Paleontological  Society: 

Meetings. — The  proceedinps  of  the  ninth  annual  meeting  of  the  So- 
ciety, held  at  Pittsburgh,  Pennsylvania,  December  31,  1917,  and  January 
1  and  2,  1918,  have  been  printed  in  volume  29,  pages  119-166,  of  the 


)vGoo<^lc 


COUNCIL    REPORT  145 

Bulletin  of  the  Geological  Society  of  America,  published  on  March  31, 
1918.  In  addition  to  the  proceedings,  five  Bcientific  articles,  by  memhera 
of  the  Society,  were  published  in  number  2,  of  volume  29,  and  ot^er 
articles  are  contained  in  number  4  of  the  same  Bulletin.  In  spite  of  the 
war  conditions,  the  number  of  publications  of  the  Society  are  therefore 
above  the  average. 

The  announcement  that  the  tenth  annual  meeting  would  be  held  at 
Baltimore,  in  affiliation  with  the  Geological  Society  of  America,  was  de- 
layed until  late  in  the  year,  due  to  circumstances  over  which  the  Council 
bad  no  ccoitro]. 

Id  March  it  was  voted  by  the  Council  that  in  view  of  the  increased 
membership  and  buBiness  of  the  Society  and  the  increasing  cost  of  serv- 
ice, a  grant  of  $25  per  annum  should  be  made  to  the  Treasurer  for  ex- 
penses in  connection  with  his  ofRce. 

Membership. — The  Society  has  lost  three  of  its  charter  members  by 
death  during  the  year— Prof.  S.  W.  Williston,  Prof.  H.  S.  WiDiams,  and 
Dr.  Charles  R.  Eastman.  We  have  also  lost  by  death  Prof.  George  W. 
Harper,  well  known  educator  and  geologist,  of  Cincinnati,  Ohio. 

Nine  new  members  were  elected  to  the  Society  at  the  ninth  annual 
meeting,  and  four  of  our  members  were  elected  to  Fellowship  in  the 
Geological  Society  of  America  at  the  election  gust  concluded.  The  result 
of  the  changes  of  the  past  year  leaves  the  total  membership  at  the  end  of 
1918  as  189. 

Pacific  Coast  Seciion. — Because  of  general  conditions  in  the  spring  of 
1918,  it  was  found  inadvisable  to  hold  a  meeting  of  the  Pacific  Coast 
Section  for  this  year. 

Bespectfully  submitted,  B.  S.  Bassler, 

Secretary. 

WvtBiiiNGTON-,  D.  C,  December  26,  1918. 

Tbeasukbk'b  Repobt 
To  the  Council  of  the  PtUeontologicdl  Society: 

The  Treasurer  begs  to  submit  the  following  report  of  the  finances  of 
the  Society  for  the  fiscal  year  ending  December  13,  1918 : 


Cash  on  hand  December  19.  1917 9639.37 

Uembershlp  fees  (1916) 6.00 

Membership  fees  (1917) 12.00 

Hembershlp  fees  (1918) 237.10 

Interest,  Gonaectlcut  Savings  Bank 16.97 

$913.44 

X— BnLL.  Qeol.  Boc.  Am.,  you.  SO,  191B 
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BXPBHDITUBBB 

Treasurer's  office: 

Postage »5.00 

BecretAry's  offlce : 

Secretary's  allowance   (1917t $50.00 

Clerical  help  for  1916 25,00 

Clerical  help  for  1917 25.00 

Stationery  and  prlntlDK 63.74 

163.74 

Geolf^cal  Society  of  America : 

For  printing  eeparatefi 122.32 

$291-06 

Balance  on  bend  December  13,  191B $622.38 

Net  decrease  in  ftmds , $16. (W 

Ootstanding  does  <1»17).  S $».00 

Outstanding  dues  (1918),  12 36.00 

45.00 

Kespectfully  Bubmitted,  Rich.*rd  S.  Ldll, 

Treasurer. 
Xew  Haven,  Connecticut,  December  13,  1918. 

APPOINTMENT  OF   AUDITING   COMMITTEE 

The  chairman  then  appointed  H.  F.  Cleland  and  C.  E.  Resaer  as  a 
committ€e  to  audit  the  Treasurer*a  accounts. 

NEW   BUSINESS 

The  following  matters  of  business  previously  considered  by  the  Council 
were  then  placed  before  the  Society  for  action : 

Witli  the  tragic  death  of  Dr.  Charles  B.  Eastman  the  Society  lost  its 
representative  on  the  Supervisory  Board  of  the  American  Year  Book. 
On  motion.  Dr.  W.  K.  Gregory  was  elected  by  the  members  to  fill  this 
vacancy. 

During  the  year  the  Council  was  requested  by  the  management  of 
Botanical  Abstracts  to  name  two  representatives  on  the  permanent  Board 
of  Control  of  that  organization — one  to  serve  for  four  years  and  the 
second  for  two  years.  The  Council  nominated  E.  W,  Berry  for  the  four- 
year  term  and  F.  H.  Knowlton  for  the  two-year  period ;  which  action,  od 
motion  and  vote,  was  approved  by  the  members. 
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NECHOLOOT 

PreeideDt  Knowlton  then  reminded  the  members  of  the  Society's  Iobb 
during  the  jear  of  four  members,  and  called  on  Prof.  Henry  Fairfield 
Osbom  first  for  an  appreciation  of  the  life  of  Prof.  S.  W.  Williston. 
Professor  OsboTn's  remarks  are  presented  on  pages  66  to  76  of  this 
Bulletin.  Professor  Schuchert  followed  with  a  tribute  to  the  life  and 
irork  of  Professor  Williams,  and  Dr.  John  M.  Clarke  gave  an  account  of 
Doctor  Eastman's  valuable  contributions  to  science.  The  Secretary,  as 
one  of  his  former  students,  told  the  members  of  the  great  inftuence  Prof, 
lieorge  W.  Harper  had  on  the  younger  paleontologists  at  Cincinnati, 
Ohio. 

ELECTION   OP   OFFICERS 

The  results  of  the  ballots  for  the  election  of  officers  for  1919  were  then 
aunoonced,  as  follows: 

QFFIOSRB  FOB  ai9 

President: 

Robert  T.  Jackson,  Peterborough,  N.  H. 

First  Vice-President: 

OiLBERT  Van  Inoen,  Princeton,  N.  J. 

Second  Vice-President: 

Walteb  Gbangeb,  New  York  City 

Third  Vice-President: 

T.  Wayland  Vacqiian,  Washington,  D.  C. 

Secretary : 

B.  S.  Bassler,  Washington,  D.  C. 

Treasurer: 

KiCHARD  S.  Lull,  New  Haven,  Conn, 

Editor: 

■     W.  D.  Matthew,  New  York  City 

PRESENTATION    OF    PAPERS   ON    PALEONTOLOGY 

.\t  11  a  m.  President  Knowlton  called  for  the  first  paper  of  the  session, 
which  was  presented  and  illustrated  with  sketches  by  the  author.    This 
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brought  forth  a  spirited  discussion,  the  essential  features  of  which  are 
reproduced  below: 


BY   AUADEUS    W.   OKABAU 

(AUtract) 

The  snborder  Protocboanites  was  pngweed  by  Graban  and  Sblmer,  In  1910, 
tor  the  reception  of  the  Cambrli!  genus  Volborthella,  which  1§  cbaracteiized, 
among  other  features,  by  conical  septa  and  a  small  atphaacle  which  is  per- 
fectly plain  on  the  surface  of  the  septa.  It  Is  considered  ancestrsl,  on  the  one 
hand,  to  the  Holochoanites,  and  on  the  other  to  the  Ortbocboanlteii.  By  a 
crowding  of  the  septa  the  endocones  of  the  so-called  slphaocle  of  the  Holo- 
choanltcH  Is  produced,  while  a  shallowing  and  separation  of  the  septa  produces 
the  septa  of  the  Orthochoanltes.  The  septa  chambers  of  the  Holochoanites 
are  a  new  feature.  The  endocones  of  the  Holochoaoltes  are  considered  the 
homologues  of  the  septa  of  the  Orthochoanltes.  On  this  view,  the  "slphuncle'' 
of  the  Holochoanltes  is  the  homologue  of  the  entire  Orlhoceran  shell,  wblle  the 
endoslphuncle  Is  the  homologue  of  the  Orthoceran  siphuncle,  and  the  eodosi- 
phoUnlng,  when  present,  the  homologue  of  the  Orthoceran  shell  proper. 

Bactrites  Is  regarded  as  a  lateral  offshoot  of  the  Ortbochoanltes,  but  not 
ancestral  to  any  Ammonltean  cephalopoda,  which  are  direct  derivatives  from 
Nautillan  ancestors.  The  marginal  siphonde  Is  a  bomcemorpblc  character  and 
has  no  ancestral  significance.  The  possibility  that  Bactrites  Is  aucestral  to 
the  Belemuoldea  Is  suggested  by  Its  similarity  to  the  pbragmocoae  of  Atrac- 
tttes. 

Djscbsbion 

The  paper  was  discussed  by  Doctor  Ulrlch  and  Profesaors  Schnchert.  Clarke, 
and  Osbom.  Professor  Schnchert  stated  that  he  had,  so  far,  failed  to  tlnd 
confirmation  of  the  statement  that  the  septa  of  Volborthella  contains  a  median 
opening  or  siphuncte,  although  he  had  examined  a  number~Of  specimens  In  the 
National  Museum.  A  point  also  raised  by  Professors  Schuchert  and  Clarke 
and  Doctor  Ulrlch  was  r^ardlng  the  validity  of  the  homologies  between  the 
shell  part  of  the  Hnlochoanltes  and  Orthochoanltes  suggested  by  the  siieaker. 
In  reply,  Professor  Grabao  reminded  hU  hearers  that  It  was  not  his  intention 
to  assert  such  homologies,  but  to  reopen  the  question  of  the  relationship  of 
these  older  forms.  In  the  first  place.  It  did  not  seem  probable  that  such  highly 
specialized  structures  as  the  Dlling  of  the  slpbuncle  of  the  Holochoanltes  should 
appear  in  ancestral  forms,  from  which  by  subsequent  reduction  and  the  dis- 
appearance of  these  characters  the  less  specialized  slphuncle  of  Orthooras  was 
produced.  Moreover,  the  ontogeny  of  the  older  Holochoanltes,  such  as  Pro- 
terocameroceras,  Nanno,  etcetera,  shows,  accnrrtluK  to  the  studies  of  Holm, 
Clarke,  Hyatt,  Rnedemano,  and  others,  that  the  slphuncle  appeared  before  the 
camerated  part  of  the  shell,  Proterocameroceras,  for  example,  having  a  very 
long  preseptal  stage.  It  Is  true  that  the  filling  of  this  preseptal  stage  by  endo- 
cones  Is  generally  regarded  as  following  the  building  of  the  first  earners,  but 
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there  seemH  to  be  no  rBlld  cTtdence  for  sucb  an  assumption.  If,  as  seems 
likely,  some  of  the  endocones  are  formed  before  the  camerate  condition  ap- 
pears, tben  we  bave  a  fonnj;  ahell  characterized  by  an  exterjial  wall  at  Brat, 
no  donbt,  conchlollnons.  but  later  more  or  less  calcified,  and  an  Internal  series 
of  more  or  less  crowded  conical  partitions,  the  "endocones"  penetrated  b;  a 
median  opening  more  or  less  slltllke,  but  aubsequeutly  modified,  as  shown  by 
Rnedemaan,  Into  a  central  tube,  the  endoslphuDcle.  From  thla  we  are  JustlQed 
In  argnlng  that  the  ancestorn  of  these  forms  had  essentially  this  structure, 
and  this  seems  to  be  presented  by  Volborttaella,  so  far  as  we  know  that  form. 
Rren  should  It  prove  that  the  septa  of  tbls  form  are  without  median  opening 
(though  the  American  material,  poorly  presen-ed  as  It  U,  seems  to  Indicate 
such  an  opening),  this  would  not  seem  to  be  a  valid  argument  against  the 
acceptance  of  Volborthella  as  ancestral — it  would  merely  Indicate  that  the 
slphoDcnlar  tube  Is  a  later  developmenL  When  the  camerte  first  appear  on 
one  side,  the  original  outer  wall  becomes  divided,  part  continuing  for  a  time 
BK  the  endoslpbollnlng,  which  later  ceases  to  develop,  and  part  continuing  as 
the  external  shell  of  the  camerated  portion.  That  the  camerte  are  a  new  fea- 
ture seems  to  be  clearly  Indicated  by  the  ontogeny.  They  Indicate  a  lateral 
contraction  of  the  visceral  sac  and  a  complete  cutting  off  of  the  space  thus 
produced,  whereas  the  septa  of  the  Orthocboanltes  repreifent  a  withdrawal  of 
the  entire  animal  (except  the  slphonal  tube)  and  a  cutting  off  of  the  space  by 
a  transverse  septum  formed  at  the  base  of  the  visceral  sac.  They  are  essen- 
tially homologons  to  the  new  formed  lateral  eamene  in  the  living  chamber  of 
Ascoceraa,  the  normal  camerate  portion  of  which  is  of  the  Ortboceran  type 
except  for  the  addition  of  collars  in  the  ephebic  portion.  By  acceleration  In 
subHequent  forms  the  marginal  camerie  appear  earlier  and  earlier  until  they 
ap|>ear  before  the  endocones.  and  so  more  or  less  completely  Inclose  the  endo- 
cinilc  portion  of  the  shell. 

The  derivation  of  the  Orthoceran  type  of  septuun  and  slpbuncle  from  the 
Volborthella  type,  whether  (hat  has  septal  openings  or  not.  seems  a  very  simple 
matter.  Future  discoveries  In  the  formations  above  the  Cambric  should  show 
the  steps  in  this  mmllflcatlon. 

Professor  Hchucbert  agreed  with  the  speaker  that  Bactrltes  represented  an 
independent  line  of  development,  but  doubted  Its  ancestral  relationship  to  the 
Belemnltldv. 

A  Bceond  paper  by  the  same  author  was  also  disc-uBsed  in  considerable 
detail  by  manv  of  the  members  present, 

/.vr/,t"H/O.V  OF  THE  PLEISTOCa.VIC  PERIOD  IX  THE  PBYCHOZOIO  ERA 
BY  AUAAEUS   W.  oaABAtT 

{ Abstract  ^ 

The  author  has  for  many  years  restricted  the  term  Cenozolc  to  the  Tertiary 
and  used  !«  Conte's  term  Psychozolc  for  the  Plelstocenlc  and  the  Becent  or 
Holocenlc  periods,  thus  making  It  equivalent  to  Quaternary  In  the  broader 
sense.  The  Justlflcatlon  for  this  appears  In  the  now  well  established  fart  that 
man,  the  leading  Index  fossil  of  the  I'sycbozolc,  appears  In  the  middle  and 
later  Plelstocenlc  of  Europe,  while  the  Trinll  race  of  Java  appears  to  go  back 
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to  tbe  beglBDlag  of  Plelstoceolc  time.  AccordloK  to  Professor  Osbom  aad 
otbera,  the  Heidelberg  race  belonged  to  tbe  secood  intergladal  q)och.  while 
In  tbe  third  began  tbe  great  cultural  stages  of  Paleolithic  man.  Tbere  ecemtf 
to  be  no  Juatlflcatlon  for  excluding  the  period  of  the  "Uen  of  the  Old  Stone 
Age"  from  the  Psjchozolc  era,  and  tbe  author  proposes  that  In  tbe  future  the 
following  clasBiScatlou  be  adopted : 

PeffciiOBole  Era.     (Quatemary  Time.)     Age  of  Man. 
Bens.  lat. 

Bolocenlc  or  Holocene  Period. 

PlelstoceDic  or  Plelstoceoe  Period. 
GenoEOlc  Era.     (Tertiary  Time.)    Age  of  Mammals. 

Pllooenle  or  Pliocene  Period. 

Mlocenlc  or  Miocene  Period. 

Ollgocenlc  or  Ollgocene  Period. 

Eocenlc  or  Eocene  Period. 

Paleocenlc  or  Paleocene  Period. 
Hesosolc  Bra.     (Secondar}*  Time.) 

DBUal  Bubdlvlelons. 

DlBCUBSION 

The  paper  was  discussed  by  Doctors  Osbom.  Schuchert,  Berry,  Stanton,  nnd 
others.  Tbere  seemed  to  be  a  general  disinclination  to  accept  the  term  Ps.rcbo- 
zolc.  Professors  Schuchert  and  Osboni  pointed  out  that  a  greater  faunal 
break  existed  between  tbe  Pleistocene  and  tbe  Holocene  than  between  the 
former  and  the  Pllocenlc.  Professor  Osbom  and  Doctor  Stanton,  however. 
Include  both  Pllocenlc  and  Holocene  under  tbe  Quatemarj.  and  Profes.sor 
Osbom  argued  for  this  twofold  subdivision  under  the  Cenoeolc — that  Is.  the 
Tertiary — as  the  Age  of  Mammals  and  tbe  Quaternary  as  the  Age  of  Msn, 
while  Professor  Schuchert  and  others  would  prefer  to  discontinue  tbe  use  of 
the  terms  Tertiary  and  Quatemar;.  Professor  Graban  In  r^ly  restated  his 
position  that  If  It  is  recognised  that  Tertiary  and  Quaternary  represented  tbe 
two  dual  divisions  of  the  time  scale,  and  If  the  latter,  tbe  Age  of  Man.  Is  made 
to  include  both  the  Pleistocene  and  Recent  (Holocenlc),  and,  further,  if  it 
appears  desirable  to  substitute  terms  equivalent  to  Mesosolc  and  Paleozoic 
for  these  numerical  designations,  then  Ccnozolc  for  tbe  Tertiary  and  Psycbo- 
zolc  for  the  Quaternary  would  be  tbe  logical  substitution. 

Dr.  John  M.  Clarke  then  delivered  an  address  which  had  been  pre- 
pared for  the  meeting  at  the  request  of  the  Council,  The  members  fol- 
lowed his  very  interesting  and  timely  remarks  with  close  attention,  and 
at  the  close  of  the  paper  Dr.  J.  C.  Merriam  expressed  the  appreciation  of 

the  Society. 

PHILOHnPHICAL  ABPECT8  OF  PALBONTOLOQT 


Professor  Osborn  followed  Doctor  Clarke  with  two  papers,  in  which  he 
gave  an  account  of  the  progress  of  work  at  the  American  Museum  of 
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Natural  History  on  the  Sauropoda  and  other  dinosaurB.  In  the  first 
paper  the  work  on  the  great  monograph  of  Cope's  Sauropoda  was  dis- 
cussed and  in  the  second  an  account  of  Canon  City  genera,  now  supposed 
to  be  synonymous,  was  given.  These  two  papers  were  discussed  by  Pro- 
feseors  Schuchert  and  Merriani,  with  replies  by  Professor  Osborn. 

CHARACTERS  AXD   RBETORATIOX   OF    COPS'S   SAUROPODA 
BT   HBNBT  FAIBFIELD   OBBOBN 

CAVARASAVRVS  AXD  AMPHICtELIAB  FROM   CASOtI   CITY 
BT  HE.NBI  FAIRFIELD  OSBOBH  AND  CHABLXS  C.  MOOK 

Luncheon  time  having  arrived,  the  Society  adjourned  until  2  p.  m., 
when  Vice-President  Stephenson  called  the  members  to  order  for  the 
presentation  of  the  address  of  the  retiring  President. 

CLIUATEB  OP  THE  PAST 
PBESIDENTIAL  ADDBE8B  BT  F.   H.   KNOWLTON 

(AbHract) 

Doctor  Knowltoo's  paper  was  dirlded  Into  two  parts,  the  first  of  whlcb  waa 
devoted  to  the  presentation  of  the  evldeoce  of  fossil  floras  In  tbelr  bearing  In 
the  iQterpretatton  of  geologic  climates.  It  now  seems  to  be  establlHhed  be.vond 
reasonable  qnestlon  that  In  the  ages  before  the  Pleistocene  the  climates  were 
characterized  bf  mlldnewi,  abimdaiit  moisture,  equability,  and  uon-zonal  dis- 
tribution. The  second  part  of  this  paper  was  devoted  to  certain  questions 
arising  oat  of  an  attempt  to  explain  non-sonal  climates.  Daring  and  sabse- 
quent  to  the  Pleistocene  Ice-lnvaslon  climate  has  been  under  direct  solar  con- 
trol. If  the  son  had  dominated  earth  temperatures  during  all  geologic  time 
as  it  now  does.  It  would  be  impossible  to  escape  the  conviction  that  climates 
should  have  been  lonal  In  their  dlstributioa.  It  la  possible  to  explain  non- 
lonal  climate  In  at  leant  two  ways— by  heat  derived  from  the  earth  Itself, 
either  as  persistent  earth  heat  perhaps  augmented  by  radto-actlve  heat,  or  by 
an  affectlvel.v  bigger  sun.  Certain  astronomical  objections  seem  to  eliminate 
the  latter  factor,  and  attention  is  urged  to  a  reconsideration  of  the  flrst-men- 
tloned  factor. 

President  Knowltoii  then  resumed  the  chair,  and  as  a  last  matter  of 
business  for  the  session  called  for  the  report  of  the  Auditing  Committee. 

REPORT  OP  THE  AUDITING  COMMITTEE 

The  conunittee  announced  that  the  Treasurer's  accounts  were  found 
to  be  correct;  whereupon  it  was  voted  by  the  Society  that  this  report  be 
acceptctl. 
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CONTINUATION   OF   PALEONTOLOGIC    P4PEB8 

Tlie  first  paper  in  the  aftenjoon  session  was  a  study  in  evolution,  which 
was  presented  by  Doctor  O'Connell  and  was  discussed  by  Professor 
Osborn. 

OUTUOOBSBTIC  DEVBLOFMEyr  OF  THE  008TJE  IX   TBE  PBRiaPBI\CTlX.E 


(Abtlraol) 

The  various  Interpretations  wblcta  have  been  given  to  the  term  "Ortho- 
genesis'' are  discussed  and  the  distinction  Is  drawn  between  the  law  and  the 
explanation  of  orthograesls.  A  statement  will  be  made  ot  the  data  arailable 
to  the  embrfologlHt,  zoologliit.  vertebrate  and  Invertebrate  paleonto]agli<t  for 
orthogenetic  studfeB.  with  particular  reference  to  the  poHfllMlltles  tor  the  ob- 
servation of  the  facts  of  ortho-ontogeny  and  ortho-phylogeny. 

As  an  lIluHtratlon  of  the  law  of  orthogenesis,  the  deve]<q>nient  of  the  c«Kta> 
In  a  single  spe<^e8  of  PerisphlncteH  will  t«  detvrlbed.  The  bearing  of  the 
ontogenetic  development  on  the  pbf  logeny  of  Perixphlnctes  will  be  elveo. 

Au  important  contribution  to  the  Mesozoic  stratigraphy  and  paleoii- 
tologj-  of  Cuba,  illustrated  by  diagrams  and  lantern  slides,  was  containwi 
in  the  following  paper  presented  by  the  junior  author: 

niBCOrEBV   OF  THE  OXFORDIAS  /.V   WESTBRV  CfBA 
BY   BAKnVH    BBOWX    AND    UABJOBIE   O'CONMELL 

(Abttraci) 

The  Nenlor  author.  In  the  course  of  two  trips  to  western  Cuba,  made  collec- 
tions from  a  compact  nodular  limestone,  the  Jurassic  age  of  which  was  flmt 
pointed  out  by  De  I^a  Torre,  who  dlncovered  PerlsphlnctpK  In  some  of  the 
uoduleH.  No  species  have  heretofore  been  describe<l  from  the  Jurassic  of 
Cuba,  but  the  horlion  has  been  considered  to  be  of  the  some  age  as  the  Ido- 
ceras  beclR  of  Mazapll,  in  Mexico — Chat  Is.  Klmmeridtctan.  However,  in  work- 
ing up  the  fauna,  which  consists  malnlf  of  ammonites.  It  was  found  ttaat  all 
of  the  species  are  closely  related  to  or  Identical  with  forms  In  the  Osfordlan 
of  Hurango.  Mexico,  which  has  been  described  by  Burckhardt. 

The  general  stratlgraphlc  relations  In  Cnba  will  be  discussed  and  the  corre- 
lation with  Buropeau'and  Mexican  equivalents  nill  be  given,  as  well  as  n  brief 
deMcripllon  of  the  new  fauna. 

The  following  palcontologic  paper  was  then  read  by  title : 

A   -VBM"  F.VttYPTBRJD  HORlZOy 
BY   GEOaaR   HAIX'OTT   rllADWICK 


Rarge  ranal  excavations  near  Plttsfnrd,  New  York,  have  disclosed   a   new 
lied  of  F.uryplfrun  pittufnrAfnrin  included  In  red  Vernon  Hliales.  probably  forty 


JyGOO'^IC 


TITLES    AND   ABSTRACTS   OF    PAPERS  153 

tm  ftboT«  tbe  old  Flttsford  black  sbale  borlsoos.  Casta  of  salt  hopper  crystals 
•vrvT  la  the  same  slab,  with  nearly  perfect  exuvla,  under  wblcb  nestle  dozens 
at  LepMiUtic  The  individuals  are  dUtrlboted  profnself  tbrongb  a  layer  of 
dirk  gray  sbates  twenty  Inches  thick,  Inclosing  a  calf^rcoue  seam  with  Em- 
Mfl^sor  drroro.  CeratiocaTi4  $alino  also  appears,  but  the  chief  zone  of  this 
L'  DMt  beneatb. 
The  IndlcatloiLB  are  not  faTorable  to  a  fresh-water  habitat  for  this  mero- 


In  the  absence  of  the  author,  the  Secretary  then  presented  the  follow- 
ing paper,  which  on  account  of  lack  oE  time  had  to  be  given  in  abstract: 

KCOSOMIC  VALUE  OF  PALBOK 


PHB8ENTATJ0N   OF   PAPERS  ON   3TRATIQRAPHT 

The  reading  of  stratigraphic  papers  transferred  to  the  Society's  pro- 
Snm  from  that  of  the  Geological  Society  of  America  was  then  com- 
mencftl.  The  first  paper  was  presented  by  the  author  and  was  illustrated 
with  charts. 


(Abstract) 

A  dlscossIoD  of  the  scattered  occurrenceii  of  fossil  plants  In  Colombia,  Ecua- 
dor. Pern,  and  at  Tarlons  localities  In  Chile,  together  with  the  associated  ma- 
rine tanDaa.  A  correlation  of  these  la  made  with  the  geological  formations  of 
the  Pananu  Canal  Zone  and  Graham  Land.  The  results  show  a  remarkably 
nntfonn  iieqaence  In  the  RUccesslve  movements  of  the  strand-line  and  a  paral- 
MUa  In  tbe  JUesozolc  and  Cenozoic  history  of  tbe  Taclflc  Coast  region  from 
tbr  iKthmiu  of  Panama  southward  to  Antarctica. 

The  nest  two  papers  were  presented  by  the  senior  author  in  each  case 
and  illustrated  with  numerous  diagrams  and  sections.  On  account  of 
tbe  shortness  of  time  still  available,  these  two  papers  were  combined. 
They  were  discussed  by  Messrs.  David  White  and  I.  C.  White. 

TYPICAL  BBCTIOX  OF  THK  ALLEOHISKY  FOBStATIOS 
Wt   CMABLE8    K.    SWARTZ    AND    HABVEY   BABBI.EB 


Tbe  Importance  of  a  clear  understanding  of  typical  sections  of  Keologlcal 
fomutionx  Is  fully  recognised.    Tbe  published  descriptions  of  the  tjplcal  sec- 
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tion  of  tbe  Alleghenj  (ormatLon  on  the  Allegbeny  River,  of  western  PennB;!- 
vania,  preseDt  conflicting  Interpretations  of  tbe  section,  while  adequate  fannal 
and  floral  data  are  lacking  for  the , correlation  of  these  deposits  with  those 
farther  east.  The  present  paper  Is  a  eoDtrlbntion  to  a  fuller  knowledge  of  the 
typical  section  of  the  Allegbenr  fonnatlou  in  the  vicinity  of  Freeport  and 
Klttannlng,  Pennsjlvanla. 

aTRATIORAPHT  AND  CORRBLATIOS  OF  THE  COAL  MBA8UKB8  OF  UARJLAXD 
BT  CHAKIfS  K.  SWAB1Z,  W.  A.  PBtCE.  JB.,  AND  HABTET  BABBIXB 

{Abttracfi 

The  senior  author  is  alone  responsible  for  the  discussion  of  the  stratlgrapli}' 
of  the  Coal  Measures  of  Maryland.  In  the  study  of  the  correlation  be  haa 
secured  the  cooperation  of  W.  A.  Price,  Jr.,  who  has  Inyestigated  the  marine 
faunas,  and  of  Harvey  Bassler,  who  has  studied  the  CarbODlferons  floras. 
The  conclusions  presented  are  based  on  tbe  concordant  evidence  afforded  bj 
tbe  various  lines  of  Investigation. 

Tbe  Btratlgraphlc  sequence  of  the  Coal  Measures  of  Maryland  will  be  given 
tbe  members,  briefly  characterized,  and  new  limits  will  be  assigned  to  certain 
of  the  formations.  Attention  will  be  called  to  a  series  of  persistent  and  recog- 
nlcable  horizons  in  the  Coal  Measures  of  tbe  northern  Appalachians,  which 
can  be  traced  from  Ohio  eastward  to  Maryland  and  furnish  a  basis  for  tbe 
correlation  of  these  beds  throughout  that  area,  including  those  of  Maryland. 
The  occurrence  and  significance  of  systematic  changes  In  thickness  of  the  sedi- 
ments, tbe  development  of  coal  beds,  and  dlstrlbuUon  of  red  beds  will  be  dis- 

The  following  papers  were  read  by  title: 

EOCBUB  DITteWVB  OF  CALIFORNIA 


(Abstract) 

There  are  at  least  three  distinct  stratlgraphlc  units  In  the  Elocene  of  Cali- 
fornia. These,  beginning  with  the  lowest,  are  tbe  Martlnec,  tbe  M^anos.  and 
the  Tejon.  The  Heganos  Group,  the  newly  recognized  division.  Is  separated 
unconformably  from  both  the  Martinez  Group  and  the  TeJon  Group  and  has  a 
wide  distribution  throughout  the  State. 

The  fauna  of  the  Meganos  Group  is  very  distinct  from  that  of  the  TeJon  and 
that  of  the  Martinez.  It  appears  to  be  of  the  same  age  as  the  fauna  found  In 
the  Eocene  sections  at  Marysvllle,  Butte,  and  Table  Mountain,  near  Oroville, 
Oallfomla.  A  portion  of  tbe  Eocene,  (described  heretofore  as  the  uppermoRl 
division,  belongs  in  reality  to  the  middle  Eocene.  The  lone,  as  recognized  by 
them.  Is  tbe  equivalent  of  the  Meganos  Group, 

Further  details  are  presented  as  to  the  stratlgraphlc  relationship  of  the 
Meganos  and  the  TeJon  of  three  sections  In  widely  separated  parts  of  tbe  State. 
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BOMB  PR0BLBM8  OF  THE  ADIRONDACK  PRECAURIAN 
BT  HABOLD  L.  AIXING  ' 

(.Ahttract) 

I>Drliig  tbe  detailed  Investigation  of  tlie  Adirondack  grapblle  deposits  evi- 
dence was  gathered  that  points  to  the  following  conclusions :  That  tile  Gren- 
Tllle  series  la  extensively  folded  and  severely  metamorphosed :  tliat  the  graph- 
ite schists  furnish  a  hasia  on  which  a  thousand  feet  of  tbe  series  can  be  studied 
HntigTaphlcally ;  that  there  is  the  prolwhlllty  of  metagabbro  masses  that 
iDiedate  tbe  Laurentian  granite.  The  Laurentian  granite  te  present  tbrongh- 
oat  the  eastern  and  southeastern  Adirondacks.  There  is  evidence  that  there 
Istnotber  metagabbro  ttiat  is  later  than  the  Laurentian  granite,  but  older  than 
±e  anorttaosite-H}-enite-granlte-gabbro  series.  Laccolithlc  bodies  of  the  gabbro 
and  diiltaae  were  seen.  On  tbe  shore  of  I^be  Champialn  dikes  of  dlat>ase, 
amptouite,  and  bostonite  have  such  field  relations  that  their  relative  ages  can 
be  determined. 

PERIIO-TRIASBIC  OF  yORTBWESTERN  ARIZONA 


(Abstract) 

Two  months  of  field-work  In  ArlEona.  extending  from  Flagstaff,  nortbwest- 
ward  through  the  Painted  Desert,  over  the  Kalbab  Plateau,  and  into  the  Tor- 
rowMp  Taller,  resulted  in  many  fossil  collections  from  some  fourteen,  some- 
wlat  less  accessible,  localities.  The  collections  here  considered  were  made 
ttma  the  Kalbab  limestone  (Permian)  and  the  Moencople  shales  (Trlasslc). 

fTKiTlORAPBT  AXD   STRUCTURE   OF   THE   NEWARK   aTSTEU   IN   MARYLAND 

AND  ITS  RELATION  TO  TBE  SBWARE  6Y8TBU  OF 

EASTERX   XORTH  AMERICA 

BT  GEOBOE  EDWIN  D0B8ET  ' 

(Abttmet) 

StndlcH  made  of  the  Newark  System  in  Maryland  and  the  Immediately  ad- 
lacrat  areaa  of  Pennsylvania  and  Virginia  during  the  ^rlng.  fall,  and  winter 
of  1917  and  the  spring  of  1918  liave  led  to  new  conclusions  regarding  the 
ftrstlgrapliy  and  structure  of  this  problematical  series  of  red  beds.  The 
Maryland  areas  of  Newark  rocks  are  critical,  in  that  they  afford  very  con- 
TlDdng  evidence  on  fundamental  and  far-reaching  conclusions  as  to  the  ntmc- 
tnre  of  the  red  rocks. 

Three  separate  areas  of  Newark  rocks  are  found  In  Maryland;  a  northern 
arsa.  covering  parts  of  Frederick  and  Carroll  counties,  the  largest  of  the  three 
»re««:  a  central  region — the  smallest — extending  as  a  narrow  strip  south  from 
Frederick  to  the  Potomac  River,  and  a  third  southeastern  area,  lying  almost 
vbolly  in  southwestern  Montgomery  County. 
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Although  the  field  (ilwen-atloiif  do  not  wnrrant  an  elaborate  siibdl vision  of 
the  series,  It  in  ixiiwilble  to  retvgnlze  two  very  dtntinct  type«i  of  Iltholoey  In 
the  Marylaud  areas.  The  eaRternmost.  which  has  been  named  the  Taneytown 
fades.  Is  composed  uf  ferny,  jitnk.  and  red,  highly  arkotilc  sandHtouea,  In  places 
very  mlcaeeoutt.  A  coarKe  <iuartz  conglomerate  or  a  limestone  mnglomeraie — 
the  "Potomac  Marble" — lies  at  the  base  of  the  series,  the  quartz  conglomerate 
and  the  limestone  conglomerate  being  generally  mutually  exclusive.  The  wext- 
ernmost.  named  the  Emmltshurg  facleii,  is  predominantly  soft  red  to  pnrple 
shale,  weathering  Into  cubes — In  places  mlcaceons. 

Conspicuous  mud-cracks,  vertebrate  tracks,  fragments  of  wood,  totretber 
with  freqnent  cross-bedding,  all  point  to  cootln«ital  conditions  prevalllntc  it 
the  time  of  accumulation  of  the  sediments.  Several  diabase  dikes,  with  a 
general  north-south  direction,  and  one  large  sitl.  north  of  Emmllsbnrg.  have 
been  Intruded  Into  the  series. 

The  structure  of  the  red  lieds  Is  a  faulted  monocline,  with  alt  dips  north- 
west and  west,  toward  Catoctin  aud  South  Mountains.  At  one  sptA  in  Mary- 
land a  superb  exposure  shows  conclusively  that  reverse  faulting  has  occurred, 
the  west  side  showing  relative  upward  movement.  Once  It  can  be  proved  that 
there  has  been  reverse  faulting,  there  Is  no  evidence  to  limit  the  amount.  It 
seems  more  rational,  therefore,  to  assume  an  average  thickness,  say  5,000  feet. 
and  ascribe  the  great  east-west  development  as  due  to  dnpllcatton.  If  such 
duplication  has  occurred,  then  the  westernmost  beds  are  not  ne<vsKarl1y 
younger  than  the  eastern  beds,  but  rather  eastern  and  western  beds  are  of 
approximately  the  same  aj^.  differing  only  in  character  of  sediments.  Such  is 
thought  to  be  the  case,  aud  is  the  reason  for  Ki)eBkIufc  of  the  Taneytown  nnd 
Emmit^burg  fades  rather  than  formations.  It  Is  also  thought  that  the  lime- 
stone conglomerate  occurring  Ht  the  western  boundary  of  the  Newark,  nnd  in 
New  Jersey  the  heavy  i]uartz  conglomerate,  are  the  same  beds  as  those  found 
to  the  east  and  are  basal. 

The  red  sandstones  and  shales  are  greatly  Jointed,  in  many  places  rom- 
pletely  'shattered  to  pieces.  The  strikes  of  the  Joints  and  faults  are  parallel, 
or  itearly  so;  but  since  the  faults  are  vertical  and  the  Joints  are  perpendlculnr 
to  the  bedding,  duplication  did  not  occur  by  sllpplnt;  along  Joint  planes. 

The  sequence  of  events  which  produced  the  Newark,  as  we  have  It  tiMay. 
Is  thought  to  have  been  as  follows:  Briefly,  the  Appalachian  area  at  the  close 
of  Permian  time  was  a  region  of  cmstal  unrest — the  forerunner  of  the  later 
uplift.  Situated  on  this  area  of  unrest  a  region  of  depression  developed,  in 
which  terrigenous  red  sedlmenU  slowly  accumulated  under  true  continents] 
conditions.  At  a  late  i>erlod  in  this  deposition  continual  depression  caused  a 
normal  fault,  which  dropiied  the  beds  near  their  west  aide,  causing  the  assump- 
tion of  west  dip. 

At  a  .subsequent  time  a  radial  thmst  occurred,  which  was  strongest  in  the 
mountains  on  the  west,  and  died  out  eastward.  As  the  direction  of  this  fault- 
Iilane  was  parallel  with  the  mountains,  and  also  happened  to  he  parallel  with 
tlie  strike  of  the  Newark  rocks  which  formed  In  a  basin  whose  loni;  H:tls  was 
roughly  parallel  with  tiie  mountain  axis,  the  vertical  faults  were  strlke-faulls. 
the  t.vpe  necessary  to  cause  duplication  of  the  red  l>eds.  The  dikes  of  diabase, 
where  qunrrieil,  are  vertical  and  are  thought  to  have  been  intruded  subsequent 
to  duplication.  The  crecceiitlc  shape  of  the  ends  of  the  contemivornneous  basalt 
sheets  of  New  Jersey  and  Connecticut  and  of  the  Intrusive  sheets  of  Pennsyl- 
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THnla.  whirb  are  thought  \o  have  b«en  Intrudpil  priur  to  duplication,  are  shown 
lo  furnish  a  most  striking  proof  of  the  truth  of  the  above  tlieory. 

BEHASKAItLE  PBRSISTUKCE  OF  THIX  HORIZOSS 
BY   OEORGE   KALCOTT   CHAD  WICK 

(Abitroct) 
A  very  unusual  case  of  the  perHlstenee  laterally  for  scores  of  miles  of  numer- 
ouH  Intercalated  thin  beds  of  black  shale  and  of  limestone,  often  but  half  an 
iDcb  and  seldom  over  a  foot  thick.  Is  afforded  by  the  upper  Devonian  Hanover 
shale  of  Cattaraugus  and  Krle  counties.  New  York.  Several  of  these  beds  have 
been  traced  from  Lake  Erie  to  the  Genesee  River.  Stones  of  small  concretions 
la  the  green  shale  are  equally  persistent. 


POBTAQB  BTKATIOHAPHr  IS  WESTEUX  XEW  YORK 

BT  OKOIGB  HALCOn  CHADWICK 

(Abstract) 

Published  correlations  of  the  I^ke  Erie  Upper  Etevonlan  with  the  flenesee 
standard  column  have  been  admittedly  provisional,  due  to  the  difficulty  of 
tracing  formattonal  nnlta  acn>ss  a  gap  in  the  topographic  mapping.  During 
the  past  summer  the  writer  had  an  unusual  opportunity  to  complete  this  de- 
tailed tracing,  with  results  notably  dlfTerent  from  those  expected.  The  field 
relations  of  the  published  sections  are  found  to  be  as  follows : 

Oenetee  River  SecltoH  Lake  Erie  Sectiim 

(Portland  beds 
(Present,  included  in  Chemung  beds) ..  jjj^^,^^  ^1^^^  ^^^,^ 

Long  Beards  Riffs  sandstones (disconformlty) 

n'lBcoy  shales Hanover  shales 

Nnnda  sandstones  (dlsconformlty) 

Uardeau  beds  Angola  shales 

Grimes  sandstone (dlsconformlty) 

Hatch  shales Included  in  Rblnestreet 

RbincHtreet  black  shale. 
Cashaqua   green    shale   rontlnuouN    to 
I.ake  Erie. 

For  the  name  Portland,  preoccupied  and  withdrawn,  It  Is  proposed  to  sub- 
stitute Gowanda.  These  beds  ate  terminated  above  uncontormably  b.v  the 
tdona  sandstone,  which  with  two  or  three  hundred  feet  of  overlying  strata 
appears  to  be  cut  out  eastward  by  this  unconformity.  brlnKlng  beds  apparently 
equivalent  to  the  Girard  shale  of  Pennsylvania  down  on  the  attenuated  Go- 
wanda near  the  Genesee  River.  It  is  thought  this  large  overlap  may  fnnilsb 
a  more  satisfactory  plane  of  division  between  Senecan  and  Chautauquan. 

STROMATOPOBA  GROWTH  O.V  EDOE-Oy  COXOLOUERATE  FROM  THE  BtLVRIATI 


At  O.30  p.  m.  the  Society  adjourned. 
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On  Friday  evening,  December  37,  the  members  joined  the  FellovB  ot 
the  Geological  Society  of  America  at  a  Binoker  at  the  Soathem  Eotd. 
trhile  on  Saturday  evening  members  of  both  societies  met  at  the  ammil 
dinner,  which  was  also  given  at  the  same  hotel. 


Reqister  op  the  Baltihose  Meeting,  1918 


H.  M.  Awi 
Joseph  Bakbell 
Harvet  Babblbb 
r.  s.  bab8ler 

E.  W.  Berry 
John  P.  Buwauja 
John  M.  Clabsi 
H.  F.  Clelahd 

C.  Wythe  Cooeb 

A.  F.  FOERSTB 

A.  W.  Geabau 

C.  A.  Habtnaosl 

B.  F.  Howbll 
Edwin  Ejbe 

F.  H.  Knowlton 


J.  C.  Mebriah 
Mabjohie  O'Connell 
Henby  Fairfield  Osborn 
W,  Abhstrono  Price 
John  B.  Reeside,  Jb. 
Chas.  E.  Resser 
Charles  ScnncHEBT 
T.  W.  Stanton 
L.  W,  Stephenson 
Charles  K.  Swartz 
E.  0.  Ulbich 
Gilbert  Van  Ingen 
T.  Wayland  Vadohan 
David  White 
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Intbouuction 


The  great  World  War  which  has  now  come  to  a  happy  termination, 
through  the  triumph  of  the  forces  battling  for  justice  and  freedom  over 
the  powers  of  mthless  oppression,  has  been  called  "the  war  of  the  Age  of 
the  Natural  Sciences,"  We  all  know  how  the  wonderful  discoveries  and 
inventions  of  the  last  few  decades  in  physics  and  chemistry  have  been 
applied  to  the  development  of  terrible  and  often  cruel  weapons  or  engines 
of  war.  All  sciences  have  been  called  on.  Even  geology  has  had  its  field. 
not  so  much  through  discoveries  as  from  the  waging  of  an  almost  new 
type  of  warfare,  which  became  dominant  at  times  in  many  places. 

■  Mantueript  reeelTcd  by  tb«  Secretary  of  tbe  Society  June  Z.  ISlti. 

<U6) 
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The  magnitude  and  extent  of  the  etrnggle  made  the  mineral  resoorcee 
of  the  world  a  critical  factor  in  many  directions.  We  have  been  told  at 
this  meeting  of  the  vays  in  which  the  training  of  the  economic  geologist 
has  fitted  him  to  promote  the  production  of  war  minerals,  or  to  show  the 
relations  of  mineral  resources  to  various  phases  of  war  administration. 

It  seems  appropriate  at  the  close  of  this  meeting  of  the  Geological 
Society  to  consider  the  ways  in  which  the  special  knowledge  of  the  geol- 
ogist has  been  utilized  at  the  battle  front,  much  of  it  for  l^e  first  time  in 
the  history  of  war.  The  opportunity  to  leam  of  this  use  of  geology  has 
come  to  me  largely  as  the  representative  of  the  Society  in  the  National 
Research  Council,  and  hence  it  appears  desirable  to  review  the  war-time 
work  of  the  Division  of  Geology  and  Geography  in  the'Itesearch  Council. 
A  part  of  this  address  will  be  devoted  to  such  a  review. 

Finally,  it  is  important  to  consider  the  influence  of  war  conditions  on 
our  science  and  to  emphasize  problems  of  the  immediate  future  to  which 
we  must  address  ourselves, 

War  Geology 
the  bole  of  oboloot  is  barlibr  wars 

War  has  developed  from  a  contest  of  brute  force  and  primitive  weapons, 
between  barbaric  tribes,  to  a  world  conflict  in  which  all  the  resources  of 
science  have  been  called  into  play  by  the  specially  trained  minds  of  what 
we  have  perhaps  mistakenly  thought  of  as  the  most  civilized  nations.  An 
aggressive  war  implies  invasion  of  the  enemies'  country,  and  strategric 
control  of  campaign  requires  a  choice  of  the  avenues  of  attack,  while  a 
plan  of  defense  implies  resistance  at  the  most  favorable  points. 

The  routes  of  approach  and  the  positions  for  defense  have  been  and 
must  always  be  determined  primarily  by  topo^aphic  and  geographic  cod- 
ditions.  The  defenders  have  fortified  the  positions  indicated  by  surface 
features  as  most  favorable  for  blocking  the  advance  of  the  intruder. 
Cities,  harbors,  and  other  important  localities  must  be  defended  by  forti- 
fications within  a  limited  space.  Geology  has,  of  course,  entered  into  the 
selection  of  many  positions  for  fortifications,  whether  this  factor  has  been 
realized  or  not  by  those  making  the  selections.  To  one  understanding  the 
physiographic  development  of  a  region,  its  recent  geological  history,  the 
reasons  for  the  noted  strength  of  certain  positions  is  clear. 

It  is  impossible  at  this  time  to  relate  in  detail  the  story  of  the  u£e  of 
geology  in  developing  the  science  of  fortification  warfare  from  the  time 
when  precipitous  walls,  natural  or  artificial,  made  a  fortress  invincible. 
to  the  days  of  1914,  which  witnessed  the  triumph  of  modem  artillery  and 
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ezpIoBivee  agamst  supposed  impregnable  forts  of  Belgium.  In  general, 
the  strength  or  vulnerability  of  a  fortification  depends  in  large  degree  on 
the  nature  of  the  rocks  and  their  geological  structure  at  and  about  the 
place  fortified,  in  respect  to  the  destructive  effect  of  shell  fire,  the  practi- 
cabili^  of  approach  by  tunnels  or  saps  in  mining  operations,  and  the 
abundance  and  security  of  the  water  supply.  That  in  any  such  case  the 
military  engineer  and  the  geologist  should  work  together  for  the  best 
results  is  a  thesis  needing  no  defense  before  this  Society. 

In  the  Crimean  War  the  Russians  are  credited  with  remarkable  success 
in  defending  certain  points,  such  as  the  Mast  Bastion,  near  Sebastopol, 
because  of  their  intimate  knowledge  and  superior  appreciation  of  the 
surrounding  terrain.  Austrian  army  ofGcers  have  repeatedly  called  for 
geological  surveys  of  the  vicinity  of  Lemberg,  Cracow,  Pola,  and  other 
important  points  by  well  known  geologists,  such  as  Tietze,  Stache, 
Waagen,  and  Vetters.  A  permanent  and  well  protected  water  supply  has 
been  the  main  object  of  these  studies. 

In  the  Boer  War  a  knowledge  of  the  geological  structure  and  water 
supply  is  said  to  have  enabled  the  Boers  to  select  strong  defensive  posi- 
tions, while  the  British  troops  attacking  them  were  placed  at  a  marked 
disadvantage. 

It  is  believed  that  the  services  of  geologists  have  been  utilized  in  prac- 
tically all  armies  in  the  last  few  decades  preceding  the  great  war,  in  the 
limited  field  of  the  engineering  problems  of  fortresses  and  of  water  sup- 
ply for  defensive  positions.  The  organizatioji  of  this  special  work  was 
no  doubt  most  highly  developed  in  the  German  army,  and  of  this  I  shall 
speak  in  some  detail  later. 

The  greatly  increased  application  of  geological  knowledge  in  the  pres- 
ent war  has  been  due,  first  of  all,  to  the  development  of  position  warfare. 
The  contest  between  the  Japanese  and  the  Bussians  in  Manchuria  is  said 
to  have  convinced  some  students  of  the  subject  that  extended  earthwork 
defenses  or  trenches  possessed  such  strength  when  defended  by  modem 
amis  and  explosives  that  this  might  prove  to  be  the  dominant  kind  of 
warfare  in  future. 

H.  G.  Wells,  in  "What  is  Coming?"  gives  a  Pole  namfd  Bloeh  credit 
for  the  first  clearly  expressed  appreciation  of  the  coming  importance  of 
trench  or  position  warfare,  which  was  brought  out  in  a  book  published 
shortly  before  the  Boer  War.  Bloch  thought  that  the  increasing  efficiency 
of  defense  by  infantry,  supported  by  artillery,  along  entrenched  lines 
foreshadowed  the  end  of  wars  between  armies  of  nearly  equal  strength 
and  equipment,  because  such  contests  must  end  in  eshaustion  and  dead- 
lock, and  hence  prove  futile  in  tlie  settlement  of  disputes. 
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Tlie  lavman  at  least  may  be  pardoned  for  thiukiug  that  Bloch'e 
prophecy  came  near  to  fulfillment,  as  to  the  end  of  the  Great  War.  Had 
the  amiieB  of  all  parts  of  the  long  line  across  Belgium  and  France  and 
from  Italy  to  the  Baltic  been  fairly  matched,  a  deadlock  might  have  re- 
sulted, liad  not  other  major  factors  of  decisive  importance  appeared  in 
otlier  fields.  Perhaps  future  students  of  this  war  may  point  out  that  it 
Belgium  and  Prance  had  reinforced  their  great  border  fortresses  by  pre- 
pared trench  lines,  or  if  they  had  been  ready  to  make  them  quickly  on 
selected  lines,  the  German  army  might  have  been  stopped  short,  in  1914. 

C0ND1T10S8  AT  THE  BBOISyiSO  OF  THE  WAR 

It  would  seem  that  the  Germans  may  have  prepared  in  some  measuK 
for  trench  warfare,  if  it  should  come,  tor  tbcy  dug  in  with  amazing 
rapiditj-  after  the  first  battle  of  the  Mame,  on  lines  from  which  it  took 
years  to  dislodge  them.  But  they  had  planned  a  different  kind  of  cam- 
paign, and  it  will  be  shown  that  their  study  of  position  warfare  was  far 
from  thorough.  This  brings  us  to  the  question  whether  or  not  plans  for 
the  use  of  geologists  in  various  armies  had  been  made  before  the  war 
broke  out. 

For  all  but  the  German  army  the  events  show  that  very  slight  prepara- 
tion, if  any,  had  been  made  for  the  use  of  such  expert  services.  And  even 
the  German  staff  had  no  adequate  plans  for  a  geological  corps.  Our 
knowledge  on  this  point  is  explicit. 

More  than  one  year  before  the  declaration  of  war  Captain  Walter  Kranz 
(retired)  published  in  the  Sriegstechnische  Zeitschrift  an  article  on 
military  geology,  in  which  he  complains  that  while  "in  practically  all 
fields  of  military  life  the  sciences  are  pushing  forward,  and  many  of  them 
have  secured  permanent  poets  in  military  service,  only  one  branch  of 
natural  science  must  today  stand  aside  as  a  stepchild,  and  that  one  is 
geology."  Captain  Eranz  had  served  as  an  expert  on  the  water  supply 
and  other  engineering  problems  of  fortresses,  in  which  geology  was  im- 
portant, but  he  had  also  given  much  thought  to  other  services  the  geol- 
ogist might  render.  His  broad  thesis  is  that  the  development  of  modem 
weapons  has  forced  the  soldier  to  adapt  himself  more  carefully  than  ever 
in  all  his  operations  to  the  nature  of  the  terrain  about  him  and  can  no 
longer  sligl^t  the  science  of  that  terrain — geology. 

Captain  Kranz  reviews  the  need  for  a  geologist's  advice  in  connection 
with  lield  fortifications,  which,  along  the  French  front,  would  traverse  a 
great  section  of  formations  of  different  character,  from  the  crystalhne 
rocks  of  the  Vosges  Mountains  to  the  Eocene  and  Cretaceous  near  the 
channel,  and  taking  part  in  structures  the  geologist  alone  would  tmder- 
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■taail.  He  abo  points  out  the  desirftbility  of  preliminary  studies,  in  time 
4  pace,  of  the  geological  conditions  about  the  poBsible  enemies'  Btrong- 
\4'k  In  general,  Kranz  foresav  much  of  the  application  of  geology 
ih](h  has  been  made  in  the  last  fonr  years. 

The  paper  by  Kranz  provoked  much  discussion  in  Germany  among 
i-iiliigLst8  and  military  men,  and  after  the  outbreak  of  the  war  many 
irticles  appeared  in  newspapers  and  periodicals  approving  the  plan  of 
Kranz  for  greater  geological  service,  suggesting  new  applications  and 
r'lealing  something  of  what  was  going  on  in  developing  that  service, 
nr.ril.  won  after  &e  United  States  entered  the  war,  the  censor  forbade 
Funher  discussion,  in  the  following  terms: 

"PiAlicatloiia  whlcli  penult  to  be  recognized  the  effectiveness  of  geol<^7  or 
tlDdnd  sdences  In  tbe  service  of  the  armr  are  not  permissible  tn  the  technical 
ixfU  IB  in  the  dally  press."    Dated  May  25.  1917.* 

From  these  discussions  it  is  clear  tiiat  in  tbe  past  only  a  very  slight 
'nming  in  geology  has  been  required  for  German  army  officers,  and  the 
imiuLil  k  now  made  that  at  least  certain  selected  officers  be  given  a 
"urse  in  military  geology  covering  several  years. 

.Vmong  the  snggestioDS  of  valuable  work  to  be  performed  by  army  geot- 
dpits  irhile  the  submarines  were  starving  out  England  may  be  noted  the 
filiiirUtion  to  collect  specimens  for  museums,  when  the  advance  is  unfor- 
niQBtelT  delayed.  Again,  with  a  spirit  worth  remembering  at  this  time. 
Prufessor  Salomon,  of  Heidelberg,  points  out  the  great  opportunity 
iifarded  by  the  thousands  of  miles  of  trenches  to  learn  in  detail  "the 
KfAogy  of  our  neighbor's  territories" — a  knowledge  so  important  for  war 
•Tt.  "Yes,  even  if  the  neit  peace  were  an  everlasting  peace.  But  who 
wiiuresto  hope  that?"  "Consequently  we,  whose  territory  has  so  often 
^  the  theater  of  invasion  by  our  neighbors,  must  expect  nothing  else 
ttuD  to  be  obliged  once  more  to  draw  the  sword  for  the  protection  of  our 
prople.  In  such  case  it  would  be  very  easily  possible  that  new  battles 
miL't  be  fought  over  the  very  ground  where  our  armies  now  stand.  And 
"iir  'leicendanta  would  justly  lament  if  we  were  now  too  short-sighted  to 
Hub  use  of  the  happy  opportunity  to  study  the  field  of  future  renewed 
battle." 


'IIO.iyiZATIOH   OF  aSOLOaiCAL    WORK  ly   THE  ALLIED   ASQ  OBRUAS 


llTien  the  war  broke  out  no  one  of  the  armifs  engaged  possessed  any 
"manized  geological  service.     The  earlier  battles  were  fought  and  the 
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general  line  of  eotrenched  field  poeitione  from  the  channel  to  the  Swiss 
frontier  was  estahhshed  before  any  system  of  utilizing  this  line  of  expert 
assigtanee  was  provided.  The  discuBsion  of  this  subject  in  German  liter- 
ature shows  how  the  matter  was  taken  up  in  that  army.  The  organization 
of  geological  work  in  the  British,  French,  Belgian,  Italian,  and  American 
armies  has  not  beeu  publicly  discussed,  and  I  can  make  at  this  tune  only 
rery  general  statements  coilceming  fhem. 

The  German  general  staff  recognized  quickly  that  the  position  warfare 
into  which  they  had  been  so  unexpectedly  forced  required  a  development 
of  geological  service  such  as  Captain  Kranz  had  outlined  the  year  before. 
From  among  the  large  number  of  professional  geologists  in  the  reserve 
and  other  branches  of  the  army  a  few  were  6rst  assigned  to  work  on 
certain  problems.  Later  the  work  was  systematized  and  expanded,  and 
it  is  known  that  at  the  end  of  the  war  each  army  possessed  a  corps  of  geol- 
ogists of  several  ranks  upon  which  calls  could  be  made  for  expert  advice. 
Perhape  75  or  100  men  were  thus  employed  in  the  German  armies  on  the 
western  front.  They  were  responsible  only  for  advice  and  plans,  not  for 
execution. 

In  the  British  army  a  small  advisory  corps  of  geologists  was  early  estab- 
lished, andit  is  interesting  to  note  that  it  was  under  the  leadership  of  the 
well-known  Australian  geologist,  Prof.  Edgeworth  David,  of  Antarctic 
fame,  professor  at  the  University  of  Sydney,  New  South  Wales,  now  com- 
missioned as  a  major.  He  has  been  aided  by  Captain  W,  B.  R.  King,  from 
the  Geological  Survey  of  Great  Britain,  and  Lieutenant  Loftus  Hills,  of 
the  Geological  Survey  of  Tasmania.  The  Mining  Division  of  the  British 
army  includes  a  large  number  of  men  who  have  been  trained  in  geology, 
but  are  professionally  mining  engineers. 

The  Belgian  and  French  armies  have  apparently  had  do  particularly 
organized  geological  force — a  situation  which  it  is  difficult  to  understand, 
but  which  may  be  due,  not  improbably,  to  the  early  drafting  of  active 
geologists  into  the  army  for  routine  military  duty  and  to  ensuing  heavy 
loeses  in  the  first  terrible  months  of  the  war.  The  French  and  Belgian 
geological  maps  of  the  battle  zone  certainly  contained  information  which 
must  have  been  of  much  value  to  all  the  armies  on  this  front. 

The  American  Expeditionary  Force  has  had  the  advantage  of  possessing 
in  its  Engineer  Corps  at  general  headquarters  one  of  the  most  broadly 
trained  American  geologists,  Alfred  H.  Brooks,  of  the  Geological  Survey, 
who  was  at  first  commissioned  as  a  captain  and  at  present  holds  the  rank 
of  lieutenant-colonel.  Under  his  supervision  there  has  developed  a  small 
force  of  geologists,  all  of  whom  were,  I  believe,  transferred  to  this  work 
from  various  other  arms  of  the  service.     The  first  assistance  to  Major 
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Brooks  came  from  Captain  Lacroix,  a  mining  engineer.  More  recently 
Captain  Wallace  Lee,  Lieutenant  R.  S.  Knappen,  Lieutenant  Crooks,  Lieu- 
tenant Kirke  Biyan,  and  poaeibly  others,  have  been  transferred  to  the  geo- 
logical eerriee  of  which  Lieutenant-Colonel  Brooks  is  in  charge,  as  chief 
geologist.  It  is  known  that  had  the  war  continued  a  short  time  longer 
several  other  well  qualified  geologists  selected  for  this  work  would  have 
been  added  to  this  special  service. 

We  muet  wait  for  an  authoritative  statement  from  Colonel  Brooks  as 
to  how  the  geological  war  service  of  our  army  has  grown,  what  it  has  done, 
and  how  it  has  operated ;  hut  we  may  be  sure  that  valuable  work  done  by 
him  individually,  during  his  first  year  with  the  army,  liad  much  to  do 
with  this  development,  reinforced  by  the  knowledge  that  our  allies  and 
enemies  found  it  worth  while. 

I  am  not  aware  of  any  special  development  of  geological  service  in  the 
Italian  army.  For  the  various  armies  of  the  eastern  front  it  seems  prob- 
able, on  several  grounds,  that  no  expert  force  of  this  kind  has  been  formed. 
It  has  been  recently  announced,  however,  that  our  member.  Major  It.  AV. 
Brock,  formerly  of  the  Canadian  Geological  Survey,  is  chief  geologist  of 
the  British  army  in  Palestine. 

QEOLoaiCAL  aSRTlCB  OH  THE  WESTERS  FRONT 

It  has  been  my  privilege,  in  connection  with  work  of  the  National 
Research  Council,  of  which  I  shall  presently  speak,  to  learn  something, 
primarily  in  a  more  or  less  confidential  way,  of  the  use  made  of  geology 
in  several  of  the  principal  armies  engaged  in  this  war.  It  is  not  fitting, 
even  if  time  permitted,  for  me  to  enter  into  details  of  specific  work  accom- 
plished, but  we  may  hope  that  in  due  time  a  full  discussion  of  the  actual 
work  done  by  geologists  may  be  given  by  persons  qualified  by  experience 
in  the  field  to  speak  on  that  interesting  topic.  I  will  endeavor,  however, 
to  outline  my  understanding  of  the  character  of  the  war  geologist's  work, 
as  it  has  developed  in  four  years  of  fighting.  A  practically  new  field  of 
engineering  geology  has  developed  during  the  war,  and  while  we  may  hope 
that  a  need  to  cultivate  this  exact  field  may  not  appear  again,  the  general 
engineering  features  of  much  of  the  war  geologist's  work  are  closely  anal- 
ogous to  those  of  many  civil  engineering  projects — a  fact  it  is  well  to  keep 
in  mind  for  future  consideration. 

Let  ns  start  with  the  line  of  trenches  alimg  which  the  German  army  in 
1914  stayed  the  counter  attack  of  the  Allies.  It  must  be  supposed  that 
even  the  Germans  did  not  utilize  detailed  geological  knowledge  of  the 
terrain  in  locating  or  digging  in  on  (his  line ;  but  we  know  that  this  front 
has  developed  in  the  years  into  several  parallel  systems  of  trenches,  com- 
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munication  subwaye,  gallerieB,  dugout  cbambere  for  various  purposes,  all 
on  a  scale  never  before  seen  in  varfare.  Besides  these  excavations,  there 
are  the  works  of  the  Sanitary  Corps  for  the  establishment  of  a  water  sup- 
ply, drainage,  cess  pits,  disinfecting  and  germicidal  plants ;  and  in  addi- 
tion there  are  the  roads  and  railroads,  artillery  emplacements,  ammunition 
dumps,  depots  for  supplies,  etcetera,  located  near  the  front  lines,  the 
efficiency  of  which  is  distinctly  influenced  by  the  geological  conditions. 

We  are  familiar  with  the  fact  that  these  opposing  systems  of  miUtanr' 
works,  extending  for  hundreds  of  miles,  traverse  a  great  variety  of  geo- 
logical formations,  ranging  from  the  dune  sands  and  marshes  of  Flanders 
to  the  crystalline  rocks  of  the  Vosges  Mountains.  They  cross  sections  of 
Tertiary,  Cretaceous,  Jurassic,  and  Triaasic  sediments,  including  chalk, 
limestone,  sandstone,  shale,  marl,  clay,  and  various  transition  rocks,  as 
well  as  valley  and  slope  deposits  of  recent  age.  It  is  history  that  for  three 
years  and  more  this  general  line  suffered  many  minor  changes  or  readjust- 
ments— sometimes  forced,  sometimes  voluntary. 

Now  no  geologist  or  engineer  who  has  dealt  with  problems  involving 
rocks  and  imperfectly  consolidated  geological  formations  can  fail  to  see 
how  an  experienced  stratigraphic  geologist  and  litiiologist,  accustomed  to 
study  similar  formations  in  the  field  and  to  make,  interpret,  and  use  geo- 
logical maps,  could  render  great  assistance  to  the  military  engineer  in  tiie 
development  and  improvement  of  this  stupendous  project;  nor  can  the 
thought  he  avoided  that  if  one  of.  the  antagonists  along  this  battle  zone 
has  possessed  and  used  a  superior  Icnoviledge  of  the  local  rocks  and  their 
distribution — that  is,  the  geology — it  hoe  cost  his  opponent  dearly.  It 
is  to  be  feared  that  the  Oermans  have  profited  greaily  in  this  use  of  the 
expert  geologist. 

Let  us  now  consider  briefly  the  nature  of  the  civil  and  military  engi- 
neering problems  involved  in  constructing,  maintaining,  defending,  or 
attacking  a  great  system  of  field  fortifications  such  as  has  been  described, 
which  must  traverse  all  the  formations  named.  The  work  is  largely  exca- 
vation, of  varying  ease  or  difficulty,  according  to  the  rocks  concerned. 
Under  most  conditions  there  is  some  opportunity  for  choice  as  to  the  site 
of  the  trench,  subway,  or  dugout.  A  shifting  of  the  trench  line  a  few 
yards  may  greatly  increase  or  decrease  the  dii!icultieB  of  the  task.  The 
underlying  rocks  are  often  obscured  by  soil,  weathering  products,  or  veg- 
etation, so  that  without  geological  data  the  conditions  to  be  encountered 
below  the  surface  can  not  be  foreseen.  The  walls  of  trenches  may  give  no 
suggestion  as  to  the  existence  of  rocks  below  in  which  needed  dugouts  or 
tunnels  may  he  excavated  with  ease,  while  a  knowledge  of  the  stratigraphie 
section  may  show  that  favorable  conditions  are  to  be  expected. 
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But  the  probleniB  of  the  rocka  themselvea  are  simple  compared  with 
thoae  connected  with  the  presence  of  water  in  tho*^  rocks,  circulating 
through  certain  strata,  of  ground  water,  or  the  rain  and  snow  water  of 
the  Burface.  The  water-bearing  strata  may  furnish  a  desired  supply  for 
the  troops  or,  when  cut,  may  cause  the  flooding  of  extensive  works.  Again, 
the  water-soaked  trenches  in  impermeable  clays  may  possibly  be  drained 
by  boring  or  cutting  into  a  porous  permeable  stratum.  The  depth  of 
ground  water  level  practically  determines  the  feasibility,  or  the  reverse, 
of  securing  dugouts  in  certain  areas,  and  of  mining  and  sapping  opera- 
tions. The  knowledge  of  the  ground  water  level  and  its  seasonal  variations 
is  of  great  importance  in  many  districts.    I  need  not  dwell  on  this. 

The  effect  of  surface  water  on  the  rocks  forming  the  waUs  of  this  vast 
system  of  excavations  is  of  critical  importance,  especially  during  the 
rainy  season  and  in  time  of  melting  snows.  Marly  beds  simply  dissolve 
and  the  trench  walls  slump  down.  Other  rocks  require  strong  revetments 
or  other  supports;  jointed  shales  and  fractured  rocks  may  slip  as  land- 
elides  into  the  trenches,  and  where  drainage  can  not  be  effected  a  terrible 
condition  of  mire  and  filth  soon  arises. 

The  difficult  problems  arising  from  the  combination  of  conditions  so 
inadequately  sketched  are  those  with  which  the  expert  stratigrapher  and 
Iiydrographic  geologist  are  specially  fitted  to  deal.  By  means  of  personal 
observation  and  by  the  interpretation  of  geological  maps  or  reports,  the 
geologist  can  reach  an  understanding  of  the  situation  more  quickly  than 
any  other  person.  It  is  particularly  in  the  avoidance  of  difBculties  that 
hia  advice  is  of  value.  His  ability  to  project  or  apply  the  information 
of  a  section  of  rocks  obtained  in  one  locality  to  surrounding  or  even  to  dis- 
tant areas  enables  him  to  give  advice  bearing  on  plans  of  operation  suffi- 
cient to  save  precious  time,  labor,  and  often  the  lives  of  men.  Without 
such  advice  important  parts  of  the  defensive  system  may  be  much  weaker 
than  need  be,  perhaps  to  the  degree  that  they  must  be  abandoned  even 
without  attack  by  the  enemy. 

Up  to  this  point  only  natural  diCBcuIties  of  making  and  maintaining 
this  system  of  field-work  have  been  considered ;  hut  each  system  is  subject 
to  the  greatest  damage,  even  to  complete  demolition,  that  an  aggressive 
enemy  can  iotlict.  That  there  has  been  a  considerable  development  of 
this  type  of  the  offensive  we  can  not  doubt,  but  details  of  what  has  been 
""complished  or  suffered  are  as  yet  scanty,  for  evident  reasons.  We  can 
he  sure,  however,  that  here,  as  in  the  construction  of  the  works,  the  more 
complete  the  understanding  of  the  geological  conditions  the  better.  It  is 
B  battle  of  wits,  and  the  aide  possessing  the  more  thorough  understanding 
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of  the  enemiee'  weakneBsee  in  the  respects  under  coneideration  has  a  great 
advantage,  which  may  well  become  decisive  in  certain  areas. 

Many  accounts  of  conditions  at  the  front  give  vivid  descriptions  of  the 
fearfully  destructive  effect  of  modem  explosives  on  the  ground  of  the 
battle  zone,  especially  of  the  terrific  barrage  fire  from  heavy  guns.  Surh 
bombardment  is  undertaken  at  different  times  for  different  reasons.  Its 
most  destructive  results  in  certain  areas,  arising  from  the  local  nature  of 
the  rocks,  may  be  entirely  aside  from  the  main  objective.  But  let  us 
suppose  that  the  geological  experts  of  one  army  bare  made  a  special  Btiidy 
of  the  enemies'  position  with  regard  to  the  rock  formations,  not  only  at  the 
front,  but  for  miles  in  the  rear,  including  his  communication  lines  and 
supporting  works  of  all  kinds,  and  that  this  special  knowledge  is  used  to 
direct  destructive  gun  fire  on  points  weakened  as  a  result  of  a  period  of 
heavy  rain.  Can  there  be  any  doubt  as  to  the  superior  effect  of  this  fire 
over  that  from  an  equal  bombardment  at  random  ? 

The  work  of  the  geologist  with  the  anny  has  many  phases  not  yet 
touched  on  which  may  be  briefly  reviewed.  The  process  of  mining  is  one 
of  the  oldest  methods  of  attack  on  fortified  positions.  A  knowledge  of 
the  rocks  and  gronnd  to  be  encountered  in  a  given  project  is  manifestly 
of  great  importance.  Ignorance  of  such  conditions  has  been  responsible 
for  the  total  failure  of  many  projects,  even  in  this  war;  but  perhaps  the 
largest  operation  of  this  kind  ever  attempted  in  any  war,  namely,  the 
destruction  of  the  key  position  of  Messines  Ridge,  was  successfully  planned 
by  geologists  of  the  British  array. 

The  geological  corps  of  an  army  engaged  in  position  warfare  is  natu- 
rally called  OQ  for  reports  on  many  special  subjects,  with  profile  sections 
and  maps  in  certain  cases.  These  reports  represent  the  adaptation  of  exist- 
ing data  to  particular  problems,  such  as  maps  of  underground  water  re- 
sources and  the  distribution  of  formations  specially  classified  on  military 
(rrounds.  This  type  of  work  may  involve  resurvey  of  some  areas,  as  exist- 
ing maps  must  in  many  cases  prove  inadequate  in  scale  or  accuracy. 

The  geologist  can  and  does  adapt  the  inforaiation  of  geological  maps 
to  a  variety  of  special  purposes;  but  the  officer  who  can  not  read  mapB 
can  not  use  them  efficiently  and  very  probably  can  not  comprehend  their 
importance. 

One  of  the  lines  in  which  the  geologist's  advice  is  or  should  be  sought 
is  in  regard  to  proper  sites  for  camps,  flying  fields  and  hangars,  artillery 
emplacements,  ammunition  dumps,  and  other  storage  places,  communica- 
tion lines,  etcetera,*  the  object  being  to  decrease  so  far  as  possible  the 
dangers  and  difficulties  to  which  reference  has  been  made. 

The  value  for  war  purposes  of  a  thorough  study  of  a  peculiar  terrain 
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was  well  illuatrated  by  Hindenburg'e  celebrated  victory  in  the  Mazurian 
Lake  region  of  East  Pniasia,  where  80,00u  or  90,000  Russians  are  said  to 
have  beea  captured  and  thousands  more  killed  or  drowned  in  impassable 
STamps.  An  investigation  and  careful  mapping  of  the  Mazurian  region, 
before  the  war,  had  revealed  that  certain  swamps  possessed  a  firm  bottom 
and  could  be  safely  traversed  by  troops,  while  others  of  miry  bottoms  were 
quite  impassable.  It  was  further  found  that  differences  in  the  aquatic 
plants  growing  in  the  two  types  of  swamps  gave  a  reliable  clue  to  the  dif- 
ference in  the  character  of  the  bottoms.  This  knowFedge  permitted  the 
Germans  to  drive  the  Russians  into  the  impassable  morasses,  while  their 
owD  army  traversed  other  swamps  with  impunity. 

This  Russian  disaster  also  serves  to  illustrate  the  necessity  for  an  intel- 
ligent and  alert  appreciation  on  the  part  of  the  higher  military  authorities 
of  the  possible  uses  of  scientific  information  of  all  kinds  concerning  a  field 
of  battle.  The  Germans  themselves  give  the  Russian  scientists  credit  for 
initiating  studies  in  agro-geology — the  science  of  the  distribution  of  plants 
with  reference  to  geological  conditions — in  the  swamp  districts  of  Russia 
adjacent  to  the  Mazurian  Lake  region. 

When  the  complete  story  of  the  war  services  rendered  by  geology  has 
hef.n  written,  there  will  doubtless  appear  many  instances  in  which  highly 
technical  knowledge  has  been  required  tr  iiolve  obscure  problems  and  where 
comprehension  of  the  possibilities  of  such  assistance  was  a  prerequisite. 
Two  such  instances  may  he  cited,  both  from  the  experience  of  the  British 

At  one  time  it  became  very  desirable  to  ascertain  the  source  of  materials 
used  by  the  enemy  in  concrete  work  at  a 'certain  locality.  After  puzzling 
over  this  problem  for  a  while  a  microscopical  petrographer  was  called  into 
i^nsultation.  His  examination  of  thin  sections  permitted  him  to  identify 
the  material  in  question  as  volcanic  rock  of  peculiar  character,  known  to 
occur  at  an  accessible  locality  in  the  enemies'  territory. 

In  another  place  the  troops  at  the  front  engaged  in  tunneling  in  cer- 
tain formations  were  greatly  afflicted  by  sores  of  special  character.  Three 
thousand  to  four  thousand  were  incapacitated.  The  medical  corps  could 
not  understand  the  prevalence  of  this  trouble  in  restricted  areas.  Finally, 
tiie  clay  material  of  the  tunnel  walls  was  closely  examined  and  found  to 
act  like  fullers'  earth  in  removing  the  natural  greases  from  the  skin, 
which  thus  dried  and  cracked,  permitting  ready  infection  under  the  con- 
ditions of  trench  life. 

The  tack  of  an  intelligent  understanding  of  the  importance  of  geolog- 
ical conditions  has  certainly  contributed  to  many  military  difficulties. 
For  example :  Within  the  territory  of  one  of  the  countries  opposed  to  the 
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Central  Powers  there  is  an  area  of  great  strategic  importance,  where  the 
qaestion  of  an  adequate  water  supply  for  bd  army  of  occnpation  is  ol 
special  moment.  Before  the  war  the  Geological  Institute  of  this  countrj 
was  requested  to  study  the  water-supply  problem  of  this  area  with  refer- 
ence to  military  needs.  It  did  so  and  submitted  a  report  containing 
much  valuable  information.  But  when  the  army  occupied  the  area  in 
question,  to  defend  it  against  invasion,  the  military  commander,  who 
could  not  appreciate  the  geological  problem  involved,  did  not  make  use 
of  the  report  and,  in  consequence,  his  army  suffered  greatly  from  a  lack 
of  a  proper  and  attainable  water  supply. 

The  Work  of  the  Division  of  Geology  and  Geography  in  the 
National  Research  Cooncil 

hibtort  of  its  okoahization 

The  National  Research  Council  was  organized  by  the  National  Acad- 
emy of  Sciences  in  the  spring  of  1916,  at  the  request  of  President  Wilson, 
to  mobilize  the  scientific  resources  of  the  country  in  the  interest  of  na- 
tional security  and  welfare.  Its  duties  pertained  first  to  matters  of  de- 
fense, and  later  to  assistance  in  the  war.  The  early  work  of  the  Council 
was  carried  on  through  committees  and  subcommittees,  among  which 
were  the  Committee  on  Geology  and  Paleontology,  of  which  J.  M.  Clarke 
was  chairman,  and  that  on  Geography,  under  W,  M.  Davis.  The  work  o( 
these  committees  is  well  known  to  many  of  you. 

The  reorganization  of  the  Research  Council  in  January,  1918,  intended 
to  meet  more  efficiently  the  emergency  conditions  of  the  war  period,  pro- 
vided for  a  few  groups,  called  divisions,  working  from  a  central  office  in 
Washington.  John  C.  Merriam  was  made  chairman  of  the  Division  of 
Geology  and  Geography,  the  other  members,  at  first,  being:  Whitman 
Cross  (vice-chairman),  F.  W.  De  Wolf,  Douglas  W.  Johnson,  and  Philip 
S.  Smith.  Owing  to  other  important  duties  in  the  Council  placed  on 
Doctor  Merriam,  notably  those  of  acting  chairman  of  the  Council  foi 
several  months.  I  have  been  called  on  to  act  as  chairman  of  the  division 
for  much  of  the  time.  It  is  at  Doctor  Merriam's  suggestion  that  I  assume 
to  give  at  this  time  an  account  of  the  work  of  the  division.  It  is  prac- 
tically a  report  to  the  senior  national  organization  affiliated  with  the 
Council  in  the  geological  part  of  its  work. 

The  controlling  idea  in  selecting  men  for  all  divisions  of  the  Council 
(luring  the  past  year  has  been  to  bring  in  advisers  who  were  closely  con- 
mH'ted  with  war  activities.  Doctor  Johnson  was  commissioned  in  the 
luti'lligt'iiie  Service  of  the  army  early  in  the  year  and  detailed  for  special 
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••A  ID  Europe.  Attention  to  the  geographical  interestB  of  the  divieion 
.!•  then  provided  for  by  adding  to  the  ExecutdTC  Committee  Isaiah 
Etifmui,  of  the  American  Qeographical  Society,  and  Captain  Lawrence 
Mjitin.  then  of  the  Military  Intelligence  Branch  and  now  a  major  on 

■r  pneral  staff.  J,  E.  Spnrr,  of  the  War  Trade  Board,  was  made  a 
limber  of  the  dirision  in  April.  Herbert  E.  Gregory  was  added  in  July, 
d  ton  have  heard  at  this  meeting  of  the  valnabte  special  work  per- 
'iimi  by  him.  I>nring  a  part  of  the  eummer  Professor  Gregory  was 
i^ticg  chairman  of  the  division. 

The  Executive  Committee  has  held  nearly  thirty  meetings  during  the 
<4r.  It  has  been  the  practice  to  invite  various  geologists  and  geogra- 
i^Ti  to  ittend  meetings  for  conference  on  special  subjects.  Among 
tW  who  have  thus  collaborated  in  the  work  of  the  division  may  be  men- 
iiMd  J.  M.  Clarke,  W.  M.  Davie,  E.  B.  Mathews,  T.  L.  Wateon,  R.  A.  F. 
?-™oee.  Jr.,  C.  P.  Berkey,  and  W.  W.  Atwood. 

QESBKAL  CHARACTBB  OF  TBB  WOBK 

Id  Epeakiog  of  the  role  played  by  geology  in  assisting  the  operations 
' '  the  inny  at  the  front,  it  has  been  continually  emphasized  that  the  ren- 
mngof  anch  assistance  was  difficult  because  there  was  at  the  beginning 
'-» ideqnate  realization  by  military  authorities  that  geological  advice 
•M  he  of  much  value.  If  such  was  the  situation  in  France,  how  much 
a"re  difficult  must  have  been  the  task  of  geologists  thousands  of  miles 
"in  the  seat  of  war  to  secure  opportunities  for  work  with  the  army  ? 
tbegeol<^st,  as  such,  does  not  contribute,  as  does  the  physicist,  chem- 
•T.  or  engineer,  to  the  invention,  development,  or  production  of  the  mu- 
irioD*  and  weapons  of  war,  or  the  machines  and  various  agencies  neces- 
'*'}  to  the  equipment,  transportation,  and  maintenance  of  an  army.  It 
'  true  that  there  has  been  a  great  field  of  activity  for  the  economic  geol- 
n>i  in  promoting  the  production  of  the  so-called  "war  minerals"  essen- 
'i»l  JD  mnnitions  and  machines.  With  that  part  of  the  geologists'  work 
■fe  Besearoh  Council  has  naturally  had  little  to  do,  the  field  being  ade- 
IMteiy  covered  by  the  Geological  Survey,  Bureau  of  Mines,  the  War 
ii'iostries  Board,  and  related  GovGrnment  or  State  organizations. 
Tbf  importance  of  geographical  information  in  military  operations 
-"  long  been  appreciated  to  a  much  greater  degree  than  that  of  geolog- 
''l  knowledge :  yet  geographers  have  felt  that  the  fundamental  training 
'  virioQg  branches  of  geography  given  in  military  schools  of  the  day  has 
■*n  luneotabty  deficient,  Not  only  has  the  instruction  in  map  making, 
'^ing.  and  interpretation  been  inadequate  to  secure  that  familiarity 
L«t~Mry  to  proper  use  of  maps,  but  the  study  of  the  main  geographic 
ni-Bcu..  Giou  8oc,  Am.,  Voi.  SO,  1918 
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featureB  of  areas  of  possible  future  military  operations  has  act  been  satis- 
factorily developed. 

The  work  of  the  Division  of  Geology  and  Geograpliy  has  been  to  pro- 
mote by  all  practical  and  appropriate  means  the  application  of  the  ex- 
perience and  special  knowledge  of  the  geologists  and  geographers  of  the 
country  to  the  problems  of  the  war.  Our  particular  line  of  effort  has 
been  in  attempting  to  secure  an  adequate  place  for  the  earth  sciences  in 
the  curriculum  laid  out  for  training  the  thonsande  of  new  oSicers  for 
military  duty.  It  has  seemed  evident  that  InBtrnction  to  the  vital  sig- 
nificance of  natural  features  of  the  battle  terrain  should  accompany  drill 
in  many  other  directions. 

Some  details  of  the  work  of  the  division,  mainly  during  the  past  year, 
will  now  be  presented  under  appropriate  heads : 

EKDBAVOlt  TO  PROMOTE  THE  V8B  OF  OB0LOG18TB  /.V  TBB  ARMT 

The  Geology  Committee,  early  realizing  that  the  advice  of  geologists 
should  be  available  for  our  growing  army  at  the  front,  presented  a  mem- 
orandum on  the  subject,  with  a  recommendation  to  the  Secretary  of  War, 
in  May,  1917.  This  memorandum  recited  many  lines  in  which  geological 
information  ae  to  the  battle  terrain  would  be  of  value,  referred  to  the 
known  development  of  the  German  geological  service,  and  offered  the 
assistance  of  the  Research  Council.  Some  months  later  Secretary  Baker 
replied  that  no  increase  in  the  geological  service  was  contemplated  at  that 
time,  but  he  suggested  that  a  list  of  geologists  eligible  for  such  dut\' 
should  be  maintained.    This  was  done. 

Soon  after  the  first  troops  of  our  expeditionary  force  were  sent  to 
France,  Major  Alfred  H.  Brooks  was  assigned  to  duty  at  general  head- 
quarters as  geologist.  We  know  little  as  yet  of  the  conditions  under 
which  the  geological  service  has  developed,  but  it  certeinly  was  not  rapid. 
The  matter  was  constantly  before  the  division,  and  as  the  hoped-for  ex- 
pansion of  the  geological  work  with  the  American  Expeditionary  Force 
did  not  take  place,  the  subject  was  once  more  brought  to  the  attention  of 
army  officers  and  of  the  Secretary  of  War  in  July,  1918,  with  a  revised 
special  statement  of  the  German  use  of  geologists.  This  was  followed  bv 
complete  translations,  made  by  W.  D.  Matthew  for  the  purpose,  of  many 
German  articles  on  the  applications  of  geology  in  war.  An  urgent  rec- 
ommendation was  made  to  the  War  Department  that  the  American  anny 
should  be  provided  with  a  well  organized  and  wjuipped  force  of  trained 
field  geologists.  The  cooperation  of  the  division  in  securing  a  qualified 
personnel  was  offered. 

At  about  the  same  time  that  tliis  recommeiidatiou  was  made  the  value 
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of  geological  advice  was  more  fully  recognized  by  the  general  staff  of  the 
American  Expeditionary  Force,  and  the  commissioning  of  several  geol- 
ogists and  water-supply  esperts  was  requested  by  General  Pershing.  As 
the  fighting  came  to  an  end,  the  scope  of  the  geological  work  under  Lieu- 
tenant-Colonel Brooks  was  being  materially  enlarged,  as  has  been  men- 
tioned. 

When  the  Division  of  Geology  and  Geography  was  organized,  in  Jan- 
nary,  1918,  there  was  much  more  information  available  as  to  geological 
work  in  the  German  army  than  in  that  of  the  United  States  or  of  any 
of  the  Allies.  This  was  due  to  a  study  of  German  literature  on  the  sub- 
ject made  by  R.  S.  Knappen  at  the  suggestion  of  Prof.  C.  P.  Berkey. 
This  material  was  generously  placed  at  the  disposal  of  the  division.  For- 
tunately Douglas  W.  Johnson,  a  member  of  the  Executive  Committee, 
was  soon  given  a  commission  as  major  in  the  Intelligence  Branch  of  the 
Army  and  sent  abroad  nnder  conditions  which  allowed  him,  with  ofBcial 
permission,  to  observe  the  use  maile  of  geology  and  geography  in  several 
of  the  allied  armies  and  to  report  on  the  same  to  the  Research  Council. 
He  was  assisted  in  this  work  by  Lieutenant  S.  H,  Knight,  a  geologist, 
the  Research  Council  meeting  an  appropriate  part  of  the  expense  of  this 
report. 

The  reports  of  Major  Johnson  are  of  great  interest  and  value.  He 
was  able  to  observe  the  geological  or  geographical  work  in  the  armies  of 
sis  countries  at  war  with  the  Central  Powers.  Information  of  special 
valne  from  some  of  these  report*  has  been  transmitted  from  time  to  time 
to  appropriate  branches  of  the  army  and  on  his  return  to  this  country  a 
summary  report  was  transmitted  to  the  War  Department  on  the  observed 
applications  of  geology  and  geography. 

It  is  a  matter  for  regret  that  Major  Johnson  is  not  able  to  present  a 
discussion  of  this  subject  to  the  Society  at  this  meeting. 


An  effort  to  promote  work  of  this  kind  in  training  camps  was  initiated 
by  the  Geology  Committee  in  1917,  through  its  anbcommittee  on  "Geol- 
ogy of  Cantonments  and  Topographical  Instruction  in  Training  Camps." 
of  which  F.  W.  De  Wolf  was  chairman,  and  has  been  continued  by  the 
division  in  the  past  year.  The  work  originally  planned  by  this  subcom- 
mittee has  progressed,  though  slowly.  The  U.  S.  Geological  Survey  has 
made  topographic  maps  of  the  areas  about  several  camps  or  cantonments 
and  placed  on  the  back  of  each  sheet  a  description  or  "map  story"  in- 
tended to  explain  the  significance  of  the  topography  from  various  stand- 
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points,  and  thus  present  practical  lessons  in  map  interpretation  and  read- 
ing. These  texts  have  been  in  part  arrauged  for  in  cooperation  with  the 
subcommittee. 

Pamphlets  on  the  geography,  geology,  etcetera,  of  several  camps  have 
been  prepared,  at  the  suggestion  of  the  subcommittee,  by  State  geolog- 
ical aurveya.    The  following  have  been  published : 

The  Country  about  Camp  Lee,  Virginia,  by  Albert  W.  Giles,  Bulletin 
of  the  Geological  Survey  of  Virginia. 

The  Environment  of  Camp  Grant,  by  B.  D.  Salisbury  and  H.  H.  Bar- 
rows, Bulletin  39  of  the  Geological  Survey  of  Illinois. 

A  Description  of  the  Begion  about  Camp  Dodge,  by  James  H.  Lees, 
Bulletin  of  the  Geological  Survey  of  Iowa. 

The  Environment  of  Camp  Funston,  by  Raymond  C.  Moore,  Bulletin  4, 
Geological  Survey  of  Kansas. 

The  matter  of  securing  adequate  instruction  in  officers'  training  camps 
in  geology,  geography,  topography,  map-reading,  and  kindred  subjeci? 
was  given  a  definite  direction  in  the  latter  part  of  1917  by  the  organization 
in  the  War  Department  of  the  Military  Committee  on  Education  and 
Special  Training,  with  a  board  of  civilian  advisers,  to  which  was  given 
power  to  control  all  courses  in  training  camps  and  schools.  The  intro- 
duction of  new  technical  courses  into  an  already  crowded  curriculum  was 
a  matter  of  practicability,  controlled  largely  by  the  opinion  of  the  inili- 
tary  authorities  ae  to  the  relative  importance  of  such  new  instruction. 
So  long  as  geology  was  slightly  recognized  at  the  front,  the  geological 
instruction  of  officers  in  training  camps  was  hardly  to  be  expected. 

In  June  C.  P.  Berkey  was  made  chairman  of  a  special  committee  of  the 
division  to  study  once  more  the  feasibility  of  introducing  some  instruc- 
tion in  geology  and  geography  into  officers'  training  courses,  and,  if  found 
practicable,  to  formulate  a  plan  for  such  work.  After  careful  examination 
of  the  situation  a  report  with  recommendations  was  transmitted  to  As- 
sistant Secretary  of  War  Keppel.  It  was  very  favorably  received  and 
would  doubtless  have  been  acted  on  by  the  Military  Committee  had  not 
the  Students  Army  Training  Corps  plan  matured  at  that  time,  making 
that  course  the  natural  place  in  which  to  concentrate  efforts  for  the  in- 
struction in  mind. 

As  chairman  of  the  Heeearch  Council  Committee  on  Relations  iriih 
Educational  Institutions,  Dr.  Merriam  was  early  brought  into  conference 
with  the  Military  Committee  on  Education  and  Special  Training,  and  as 
the  project  for  the  Students  Army  Training  Corps  courses  developed  the 
Military  Committee  cordially  welcomed  suggestions  from  the  Research 
Council  in  regard  to  all  scientific  courses.    At  this  point  H.  E.  Gregor*' 
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accepted  a  call  to  come  to  Washington  and  become  chairman  of  a  com- 
mittee of  the  division  to  prepare  outlines  of  Students  Army  Training 
Corps  courses  in  military  geology,  geography,  map-reading,  and  meteor- 
olt^',  for  the  consideration  of  the  Military  Committee.  After  many 
('cmferences  with  teachers  of  these  subjects  in  colleges  and  uniTersities,  . 
Lvurses  in  these  subjectswere  formulated  and  received  the  approval  of  the 
Miiitari,'  Committee.  Unfortunately,  through  some  misunderstanding,  in 
the  stress  of  issuing  instructions  by  the  Military  Committee,  the  courses 
in  these  subjects  we  are  considering  were  omitted  from  the  curriculum 
lirst  issued.   This  was  subsequently  corrected  by  supplemental  instructions. 

The  evident  need  for  text  books  in  the  courses  in  question  was  supplied 
under  the  direction  of  Professor  Gregory,  with  the  effective  assistance  of 
many  collaborators,  so  that  in  a  very  short  time  volumes  entitled :  "Military 
Geology  and  Topography,"  "Introductory  Meteorology,"  and  a  "Syllabus 
on  the  Geography  of  Europe"  were  prepared  for  publication.  Their  issue 
was  delayed,  through  no  fault  of  the  committee  or  publisher,  by  strikes 
and  ravages  of  the  influenza  epidemic.  To  Professor  Gr^or}',  as  editor  of 
this  series  of  text  books,  great  credit  is  due  for  both  plan  and  execution. 

Although  the  Students  Army  Training  Corps  has  now  been  abandoned, 
the  energy  and  interest  put  into  the  preparation  of  these  text  books  and 
the  courses  in  which  they  were  to  be  used  will  surely  not  be  wasted.  This 
war  of  the  sciences  has  placed  some  of  them  in  a  new  light,  and  no  science, 
perhaps  least  of  all  geology,  will  in  future  be  regarded  or  taught  entirely 
from  the  limited  viewpoint  of  the  past.  These  text  books  and  recom- 
mended courses  have  ideas  certain  of  development  in  years  to  come. 

The  interest  of  the  Division  of  Geology  and  Geography  did  not  end 
with  the  preparation  of  the  text  books.  The  need  for  maps  and  lantern 
slides  in  effective  presentation  of  the  Students  Army  Training  Corps 
courses  referred  to  and  of  several  others  was  at  once  apparent.  Maps  es- 
pecially were  needed  and  requests  for  maps  or  information  concerning 
them  poured  into  the  Military  Committee,  the  Geological  Survey,  the 
Xational  Research  Council,  and  other  agencies.  The  Division  of  Geology 
and  Geography  was  instrumental  in  securing  a  conference  of  representa- 
tives from  the  Military  Committee  on  Education  and  Special  Training, 
the  Military  Intelligence  Division  (which  could  supply  foreign  maps), 
the  Geological  Survey  (a  source  for  domestic  mapsl,  the  War  Aims  Com- 
mittee, and  the  Research  Council.  As  a  result  a  committee  under  the 
chairmanship  of  P.  S.  Smith  took  up  the  matter,  considered  what  maps 
were  necessary,  where  they  could  be  obtained  and  under  what  conditions 
they  could  be  supplied,  and  made  a  report  to  the  Military  Committee  just 
before  the  end  of  the  war,  and  no  action  was  taken.    Professor  Davis  ren- 
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dered  valuable  assistance  in  recommending  certain  foreign  maps  for  iisi 
in  courses  in  phvsiograpliy  and  map-reading. 

Lantern  slides  to  illustrate  the  Geography  of  Europe  course  were  im 
peratively  needed,  and  E.  B.  Mathews  undertook,  as  a  committee  of  one  fo 
the  division,  to  find  the  beat  available  material  and  arrange  for  its  supply 
He  examined  many  collections  of  slides  and  sought  for  suitable  photo 
graphs  from  which  to  make  slides,  but  the  task  proved  even  more  difiieul 
than  was  expected,  and  before  a  satisfactory  list  of  slides  was  made  u] 
the  uncertainty  as  to  the  future  of  the  Students  Army  Training  Corp 
made  further  work  iDadvisable. 


DIBTRIBCTIOX  OF  BOOKS  BY  W.  il.  DAVIB  AKD  D. 

A  reference  to  the  now  well  known  "Handbook  of  Northern  France,' 
by  W.  M.  Davis,  and  the  work  "Topography  and  Strategy  in  the  War," 
by  Douglas  W.  Johnson,  is  appropriate  at  this  place,  because  the  principa 
object  of  the  authors  was  to  emphasize  the  importance  of  understand  iii; 
the  physiographic  character  of  the  terrain  to  officers  in  charge  of  militar 
operations.  The  credit  for  these  books  belongs  entirely  to  the  authors,  bu 
the  division  has  embraced  every  opportunity  to  recommend  them  and  assis 
in  their  distribution  among  ofiicers  of  the  army.  The  enterprise  am 
energy  of  Professor  Davis  secured,  by  private  donation,  a  fund  sufficien 
to  publish  and  distribute  several  thousand  copies  of  his  handbook  amou; 
officers  in  training  camps  and  elsewhere.  That  this  work  has  had  a«wid 
infiuence  can  not  be  doubted,  since  the  author  was  re(|uested  by  arm 
authorities  to  prepare  a  similar  handbook  of  western  Germany. 

The  chapters  of  Johnson's  book  dealing  with  the  western  front  con 
tained  such  an  excellent  picture  of  the  relations  of  strategy  to  topograph! 
conditions,  just  where  our  soldiers  were  to  battle,  that  Dr.  Clarke  arrange 
to  have  separate  copies  of  these  chapters,  in  pamphlet  form,  reprinted  an 
gratuitously  distributed  among  officers  of  training  camps  through  th 
Military  Intelligence  Division.  The  American  Library  Association  oi 
dered  several  hundred  more  for  use  in  its  libraries  at  camps,  in  respons 
to  requests  for  the  work.  The  greater  part  of  the  expense  of  printin 
these  separates  was  borne  by  a  member  of  the  Geology  Committee. 

There  is  no  doubt  but  that  these  books  have  contributed  widely  to  tlis 
understanding  among  army  officers  of  the  relation  of  the  topography  an 
physiography  of  the  terrain  of  battle  to  the  conduct  of  military  operation! 
which  is  a  prerequisite  to  intelligent  cooperation  with  trained  spocialisb 

COOPEKATIOS    VITH    OOVERSUEMT   BVREAV8    AND    OTHER    OROANIZATIOX 

One  of  the  principal  functions  of  the  National  Research  Council  is  I 

respond  to  requests;  from  other  organizations  for  assistance  in  securing  ir 
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formation.     The  manifold  character  of  thia  part  of  the  division's  work 
may  be  illustrated  by  examples. 

a.  The  chairman  of  the  division  has  been  a  member  of  the  Joint  Infor- 
mation Board  of  Minerals  and  Derivatives.  This  board  of  many  connec- 
tions was  organized  in  March,  1918,  as  successor  to  the  War  Minerals 
Committee,  which  was  a  joint  committee,  with  representatives  from  the 
Geological  Survey,  Bureau  of  Mines,  the  Institute  of  Mining  Engineers, 
and  the  Geolog)'  Committee  of  the  Research  Council. 

b.  All  divisions  of  the  Research  Council  have  supplied  and  received 
information  of  great  importance  to  the  army,  navy,  and  other  war  organ- 
izatioDB  of  our  Government  and  of  the  Allies,  through  the  medium  of  the 
Research  Information  Sen'ice,  the  headquarters  of  which  is  in  the  Na- 
tional Research  Council,  with  branches  in  London,  Paris,  and  Rome.  I 
naturally  can  not  go  into  details  concerning  the  highly  confidential  and 
important  work  of  this  service.  The  Division  of  (ieology  and  Geography 
has  had  a  share  in  this  work. 

c.  The  division  was  instrumental  in  securing  for  the  Fuel  Administra- 
tion a  large  amount  of  data  concerning  the  fuel  resources  of  various  foreign 
countries. 

d.  The  division  has  cooperated  throughout  the  year  in  obtaining  in- 
formation usefnl  to  the  military  establishment  of  our  countn*.  The  re- 
ports of  Major  Johnson  to  which  reference  has  been  made  constitute  a 
part  of  this  work. 

e.  Beports  on  the  manganese  resources  of  California,  resulting  from 
work  undertaken  by  the  State  Council  of  Defense,  were  transmitted  to  the 
Joint  Information  and  the  Geological  Board  through  the  division. 

/.  The  division  has  cooperated  with  the  Geological  Suney  in  arrang- 
ing for  a  study  of  the  chromite  and  other  war  mineral  resources  of  Cal- 
ifornia, under  the  joint  auspices  of  the  Suney  and  the  California  State 
Council  of  Defense. 


Thia  report,  planned  and  prepared  by  a  subcommittee  of  tlie  Geology 
and  Paleontology  Committee,  under  the  energetic  direction,  first,  of  W.  B. 
Clark  and  after  his  lamented  death,  of  E.  B.  Mathews,  was  turned  over  in 
completed  condition  to  the  division  on  its  organization.  This  important 
work,  covering  the  coastal  States  from  Maine  to  Texas,  was  planned  be- 
fore the  I'nited  States  entered  the  war  and  mainly  as  an  aid  to  the  army 
in  anticipated  projects  of  defense.  It  consisted  of  nine  manuscript  vol- 
umes and  three  atlases.    A  large  number  of  men  collaborated  in  its  prep- 


ay GoO<^lc 


384  W.  CB08S GEOLOOY  IN  THE  WORLD  WAR  AND  AFTER 

afation,  inclndrng  State  geologists  sod  highway  engineers.  Id  Bome  States 
much  original  work  in  the  field  was  neceSBaiy.  The  Chief  of  Engineers 
has  recently  espressed  his  high  appreciation  of  the  assistance  officers  of 
his  corps  have  derived  from  consultation  of  the  report.  Special  rei'og- 
nition  has  been  given  of  assistance  derived  from  this  report  in  certain 
States.  On  the  recommendation  of  Chairman  Mathews  a  copy  of  this 
report  has  been  deposited,  for  the  present,  with  the  United  States  Geo- 
logical Surrey,  where  it  is  open  to  representatives  of  any  Government 
agencies  desiring  to  consult  it.  Special  use  of  the  report  has  been  made 
in  connection  with  concrete  work,  particularly  ship  construction. 

On  a  request  referred  to  the  division,  an  examination  was  made  of  the 
resources  of  the  country  in  clear  quartz  crystals  suitable  for  use  in  certain 
instruments.  This  work  was  undertaken  for  the  division  by  G.  P.  Mer- 
rill. One  phase  of  the  investigation  was  a  survey  of  and  report  on  quartz 
occurrences  of  California  by  Austin  F.  Bogers.  The  expense  of  the  entire 
investigation  was  met  from  the  Besearch  Council  funds  allotted  to  the 
diviBion. 

The  important  problems  of  the  reconstruction  of  college  and  univerEity 
courses  in  geology  and  geography  after  the  war  have  been  referred  to  the 
Geology  and  Geography  Committees  for  study  and  report,  with  the  recom- 
mendation that  particular  attention  be  paid  to  plans  for  securing:  a, 
closer  relations  between  the  scientific  and  engineering  courses ;  b,  an  ade- 
quate provision  for  pure  research.  It  is  evident  that  the  lessons  of  the 
past  four  years  contain  much  of  great  value  in  the  development  of  courses 
of  instruction  in  the  sciences,  while  they  also  point  to  the  necessity  of 
increasing  the  research  facilities  of  our  universities  and  colleges. 

The  division  has  made  a  point  of  gathering  data  concerning  geologists 
and  geographers  of  the  country,  showing  the  special  lines  of  work  in  which 
they  are  interested  or  engaged ;  their  desire  to  enter  into  war  work  in  the 
army  or  elsewhere:  their  fitness  for  possible  field  service  and  the  positions 
occupied  by  those  in  service  of  any  kind.  The  Census  data  obtained  bv 
the  Geological  Survey,  the  Besearch  Council  questionnaire  for  educational 
institutions,  and  that  of  the  Committee  on  Geology  and  other  information 
have  been  combined.  These  data  have  been  used  to  some  extent  in  makiop 
recommendations  of  men  for  certain  work,  but  they  have  not  been  called 
on  BO  much  as  was  anticipated. 

Geology  after  thk  War 

It  is  an  inevitable  result  of  "the  war  of  the  age  of  the  natural  sciences" 
that  the  norma!  progress  of  those  sciences  through  research  and  instnie- 
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tion  has  been  greatly  interfered  with.  ThousandB  of  scientific  men  have 
left  their  laboratoriea  and  class-rooms  to  plunge  with  intense  eameetnese 
into  war  problems. 

In  many  cases  the  specialist  has  been  taken  entirely  out  of  the  field  of 
bis  science,  which  has  thereby  suffered  a  clear  loss.  In  others  the  war 
problem  has  involved  application  of  science  to  unusual  ends  with  a  gain 
to  engineering  or  technology,  and  in  a  small  number  of  instances  the  new 
work  has  been  itself  a  research,  with  mutual  benefit  to  the  science  and 
some  particular  application. 

It  is  now  time  to  survey  the  situation  and  see  how  much  of  good  and 
how  much  of  evil  there  is  in  it.  We  may  be  sure  that  in  every  experience  in 
applying  scientific  knowledge  to  practical  ends  there  is  a  benefit  for  science 
if  we  will  but  recognize  and  utilize  it.  On  the  other  hand,  there  is  great 
and  manifest  danger  in  a  demoralization  of  the  organized  methods  of 
progress  in  science. 

The  great^t  benefit  to  science  in  general  coming  out  of  the  recent  war 
experiences  lies  in  the  fact  that  there  has  never  before  been  a  period  in 
the  history  of  the  world  when  the  truth  of  the  proverb,  "Knowledge  is 
power,"  was  so  clearly  demonstrated.  The  practical  value  of  organized 
knowledge — that  is,  science — has  been  emphasized  to  every  engineer,  in- 
dustrial leader,  and  Government  executive  who  has  real  understanding. 
This  greatly  increased  appreciation  of  the  store  of  knowledge  resulting 
from  research  should  be  of  the  highest  importance  in  the  future  develop- 
ment of  science. 

Another  and  complementary  source  of  profit  from  the  war  experiences 
of  scientific  men  should  be  derived  from  the  greater  breadth  of  view  they 
themselves  must  have  henceforth  as  regards  the  relations  of  their  profes- 
sional work  to  the  development  of  civilization.  Many  an  investigator 
must  have  come  to  a  better  realization  of  the  duty  laid  upon  him  to  con- 
sider the  bearings  of  his  researches  on  the  welfare  of  mankind. 

The  evils  or  dangers  of  the  present  situation  are,  however,  perhaps 
more  distinct  and  imminent  than  the  benefits.  It  is  to  be  feared  that 
the  recognition  of  the  value  of  the  scientific  man's  accomplishments  will 
not  go  far  enough,  as  a  rule.  Many  specialists  are  sure  to  be  wanted  in 
technical  positions,  with  a  remuneration  far  beyond  what  they  have  re- 
ceived while  engaged  in  teaching  or  in  research.  Will  the  industrial  or 
executive  agencies  profiting  by  the  training  their  scientific  assistants 
have  received  in  the  field  or  laboratory  realize  the  necessity  of  contribut- 
ing a  generous  support  to  the  prosecution  of  research  in  the  abstract,  that 
the  store  of  new  knowledge  applicable  to  useful  ends  may  continue  to 
increase?  Will  it  be  recognized  that  the  spirit  of  devotion  to  scientific 
XIII — Bull.  Oiol.  Boc.  Ah..  Vol.  80,  1918 
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research  is  not  only  an  inspiring  and  beautiful  thing  in  itself,  bat  is 
essential  to  real  progress  in  science? 

Let  us  turn  now  to  the  situation  as  regards  the  science  of  geologj'. 
For  fifteen  or  twenty  years  past  there  has  been  an  ever-incFeasing  demand 
for  geologists  capable  of  applying  the  principles  of  their  science  to  cer- 
tain practical  ends.  On  the  one  band  there  has  been  a  wonderful  devel- 
opment of  the  mining  industry  and  the  value  of  the  geologist's  knowledge 
of  ore  deposits,  or  his  familiarity  with  the  structure  of  sedimentary  rocks, 
essential  in  the  discovery  and  exploitation  of  coal,  oil,  and  gas  resources, 
has  been  placed  very  high.  On  the  other  hand,  the  carrying  out  of  the 
laud^le  policy  of  our  Government  to  ascertain  and  conserve  our  natural 
mineral  resources  and  to  classify  and  utilize  the  public  lands  in  an  intel- 
ligent manner  has  also  called  for  the  services  of  many  geologists.  It  is 
perhaps  not  unnatural  that  in  connection  with  the  development  of  this 
public  work  there  has  been  expression,  more  or  less  clearly,  of  the  idea 
that  devotion  to  research  for  its  own  sake  is  perhaps  a  form  of  selfish- 
ness, as  contrasted  with  the  utilization  of  knowledge,  which  is  laudable 
public  service.  It  is  to  be  feared  that  this  view  has  been  entertained 
both  by  Government  officials  and  by  many  of  the  scientific  men  who  have 
become  enthusiastic  over  the  new  phases  of  their  work.  Such  a  concep- 
tion fails  to  recognize  the  more  fundamental  truth  that  scientific  re- 
search ia  itself  a  public  service  of  the  highest  type. 

The  conditions  of  a  world  war  have  led  to  demands  on  geologists  that 
they  should  apply  their  knowledge  of  certain  basal  factors  to  the  solu- 
tion of  various  problems  of  economics  or  political  economy,  far  from 
their  own  proper  field.  Many  of  these  studies  have  been  of  great  impor- 
tance and  general  interest.  The  results  of  some  of  them  have  occupied 
a  prominent  place  in  the  program  of  our  meeting  this  year.  Under  the 
circumstances,  we  welcome  them;  but  it  is  clear  that  they  are  not  geol- 
ogy*. If  geologists  have  been  the  beat  qualified  experts  to  handle  some 
of  these  questions,  that  fact  is  a  commentary  on  the  undeveloped  condi- 
tion of  the  science  of  economics,  the  system  of  governmental  administra- 
tion, and  the  plan  of  regulating  international  atlaira.  The  value  of  some 
of  these  new  or  poorly  developed  lines  of  study  is  so  manifest  that  their 
prosecution  in  future  ia  surely  to  be  anticipated.  In  the  interest  of  all 
concerned  it  is  desirable,  however,  to  understand  clearly  that  no  new 
branches  of  geology  have  been  discovered,  but  rather  new  applications  of 
information  more  or  leas  remotely  of  geological  character.  It  ia  mislead- 
ing to  speak  of  "commercial  geology,"  or  to  extend  "economic  geologi" 
to  cover  all  branches  of  economics  which  chance  to  deal  with  mineral 
])  rod  nets. 
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Geology,  the  science  of  tlie  earth — its  character,  origin,  and  historical 
(Ifvelopment,  particularly  as  recorded  in  the  rocks — has  reached  the  point 
where  the  accentuated  call  for  the  application  of  the  knowledge  thus  far 
acquired  threatens  to  result  in  a  eerions  decline  in  the  prosecution  of 
geological  research.  The  science  is  still  in  tlie  early  stages  of  its  devel- 
ojiment,  and  to  retard  its  progress  will  be  unfortunate  in  every  way. 

It  is  far  beyond  the  possible  limits  of  this  address  to  analyze  the  pres- 
ent situation  with  desirable  thoroughness  and  discuss  in  full  the  remedies 
for  its  unfavorable  aspects.    But  some  phases  may  be  pointed  out 

Professor  Gregory  has  presented  a  picture  of  the  recent  decline  in  the 
attention  paid  to  geologj'  proper  in  our  colleges  and  unirersities  which 
(-alls  for  immediate  attention.  That  this  condition  must  be  remedied  is 
certainly  not  open  to  question,  although  the  task  is  one  of  manifest 
difficulty. 

Coincident  with  the  decreasing  interest  in  the  foundation  work  of  geol- 
(i<;y  in  educational  institutions  has  come  the  great  increase  in  the  appli- 
cation of  geology  to  practical  ends  in  Government  and  State  surveys  and 
ill  twhnical  work  generally.  This  means  an  increase  in  technical  courses, 
ill  mining  schools,  and  heavy  drafts  on  the  personnel  of  geological  de- 
I'artments  in  colleges.  While  such  development  is  eminently  desirable 
and  must  in  the  end  redound  to  the  advantage  of  the  science,  the  imme- 
<Hate  effect  is  unfortunate.  As  this  call  for  the  geologist  to  turn  himself 
to  economic  work  of  some  kind  is  accompanied  by  offers  of  relatively  high 
remuneration  and  a  cultivation  of  the  insidious  and  erroneous  idea  of  the 
higher  public  service  thereby  rendered,  it  is  no  wonder  that  for  the  time 
lieing  progress  in  the  science  has  been  decidedly  retarded. 

The  general  character  of  the  st«ps  to  be  taken  in  restoring  geology  as 
a  ^ience  to  its  proper  place  in  schools,  colleges,  and  universities,  and  in 
the  research  bureaus  of  the  National  and  State  governments  is  clear.  In 
the  first  place,  there  must  be  serious  and  nnrelasing  effort  to  educate  the 
student  of  geology  and  all  who  are  concerned  in  the  technical  use  of 
geological  knowledge  to  the  appreciation  of  the  fundamental  truth  that 
progress  of  the  science  itself  is  essential  to  advance  in  its  application  to 
practical  ends.  If  this  is  true,  then  the  position  of  the  teacher  and  the 
research  geologist  must  be  more  generously  recognized  and  sustained  than 
at  present.  The  honorable  and  admirable  attitude  of  devotion  to  science 
8)i(iuld  not  be  made  to  mean  too  great  a  financial  sacrifice. 

The  Geological  Society  of  America  is  a  body  of  specially  trained  men 
and  women  associated  through  their  mutual  interest  in  the  science  of 
geology.  The  Society  is  of  much  value  to  its  members  through  the  bene- 
fits derived  from  its  annual  meeting  and  its  publication:  hut  it  does  not 
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adequately  function  as  a  national  force  working  for  the  general  advai 
ment  of  geology.  The  method  of  making  the  Society  effective  in  t 
field  ia  nndoubtedly  one  requiring  careful  study  and  preaentB  difficult 
but  thi!  obligation  to  find  a  way  seems  clear. 

One  direction  in  which  the  Society  can  be  helpful  at  this  time 
through  active  cooperation  with  the  National  Beaearch  Council  in 
broad  plan  for  stimulating  both  research  and  the  application  of  acie 
to  the  general  welfare.  The  Society  will  have  opportunity  to  influe 
the  geological  work  of  the  Council  by  selecting  several  representative! 
the  Division  of  Geolog)'  and  Geography.  This  connection  should  no1 
allowed  to  become  an  entirely  nominal  one,  but  should  lead  to  a  plan 
active  cooperation  in  carrying  out  the  projects  of  the  Council  and 
helpful  suggestions  as  to  its  work. 

In  closing  this  address,  I  wish  to  express  to  tiie  members  of  the  See 
my  sincere  thanks  for  the  great  honor  which  has  been  mine  during 
past  year  as  President  of  this  national  organization.  I  look  forn 
with  confidence  to  the  continued  growth  of  the  Society  in  lines  which 
promote  the  advancement  of  our  special  science  and  its  usefutnesi 
mankind. 
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Foreword 


The  accumulation  of  the  data  for  a  geologic  map  of  Brazil  was  begun 
l>y  me  in  1874,  when  I  first  went  to  that  country',  and  has  been  kept  up, 
as  opportnnities  offered,  down  to  the  present  time.  The  gathering  and 
■itufly  of  the  material  and  the  preparation  of  the  map  may  therefore  be 
•^aid  to  represent  the  work  of  a  considerable  portion  of  a  lifetime. 

The  data  brought  togetlier  on  the  map  and  in  the  accompanying  text 
are  published  hy  the  Geological  Society  of  America  primarily  as  a  con- 
tribution to  the  world's  knowledge  of  the  geology  of  America;  but,  so 
far  as  I  am  concerned,  it  is  meant  especially  to  be  of  service  to  the  Bra- 
zilian people,  among  whom  I  have  spent  many  years,  to  whom  I  am 
.strongly  attaclicd,  and  in  whose  welfare  I  am  deeply  interested. 
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It  has  been  one  of  the  greatest  pleasures  of  my  life  that  I  have  Wn 
able  thus  to  contribute  BOmething  to  the  knowledge  of  the  geology  of  the 
country  in  which  I  began  my  profeseional  career. 

After  a  life  spent  chiefly  in  active  geologic  work  and  in  the  direction 
of  such  work,  I  should  be  remiss  in  my  duty  to  Brazil  if  I  did  not  use 
this  occasion  to  urge  on  Brazilian  statesmen  the  serious  necessity  for  the 
active  encouragement  and  support  of  scientific  geologic  work  on  the  part 
of  the  national  and  state  governments.  Knowledge  must  precede  tho 
application  of  knowledge  in  geology  as  well  as  in  other  matters;  and 
unless  the  development  of  the  country's  mineral  resources  be  based  on 
and  proceed  from  a  scientific  knowledge  of  its  geology,  there  must  inev- 
itably be  waste  of  effort,  loss  of  money,  and  the  delay  of  national  progress 
ineepftrable  from  haphazard  methods. 

The  available  Data 
j.v  oexeral 

Our  knowledge  of  the  geologj'  of  Brazil  has  hitherto  been  so  frag- 
mentary and  uncertain  that  the  generalized  geologic  maps  thus  far  pub- 
lished have  failed  to  furnish  any  clear  conception  of  the  geology  of  that 
country  as  a  whole. 

Itany  of  the  uncertainties,  however,  are  not  due  to  the  lack  of  data, 
but  rather  to  a  lack  of  acquaintance  with  and  coordination  of  data.  By 
bringing  togetlier  everything  known  and  published  on  the  geology  of 
Brazil,  and  by  seeking  a  rational  interpretation  of  the  available  facts,  it 
has  been  found  possible  to  represent  the  general  geology  of  the  countrv 
fairly  well.  There  are  necessarily  many  and  large  areas  about  which 
little  or  nothing  is  known,  and  there  are  many  questions  about' the  ape= 
and  correlations  of  the  rocks,  their  precise  distribution,  their  structural 
details,  and  their  mineral  resources,  that  must  go  unanswered  for  the 
present  or  be  answered  only  tentatively;  but  such  doubts  and  imcertain-  I 
ties  are  inseparable  from  all  progress  in  scientific  work. 

One  who  knows  little  or  nothing  of  the  difficulties  of  gathering  geologic 
information  in  the  field  in  Brazil  may  be  disposed  to  place  too  low  an  I 
estimate  on  the  amount  and  character  of  the  information  shown  on  the 
map.  But  it  should  be  kept  in  mind  that  the  country  is  enormouslv  big 
and,  on  the  whole,  but  thinly  populated;  that  vast  areas  therein  are  not 
yet  penetrated  by  railways;  that  there  are  as  yet  but  few  good  wagon 
roads  in  the  country ;  and  that  the  difficulties  of  travel  and  transportation 
in  parts  of  the  country  remote  from  railways  and  navigation  are  not  only 
serioua,  but  sometimes  almost  insuperable. 
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Enormous  areas  of  the  country  are  also  covered  by  dense  and  almost 
impeaetrable  forests,  and  of  these  trackless  regions,  some  of  them  larger 
than  the  State  of  Pennsylvania,  there  are  no  maps  whatever. 

Of  a  necessity  the  gathering  of  geologic  information  under  such  cir- 
cumstances is  much  more  difficult  than  it  is  in  a  country  like  North 
America,  where  we  have  roads  everywhere,  railways  never  far  away,  and 
moat  of  our  forests  open  to  persona  on  foot  or  even  on  horseback,  to  say 
nothing  of  the  helpfulness  of  our  excellent  Land  Office  maps,  even  when 
there  is  nothing  better  available. 

Furthermore,  only  two  of  the  States,  Sao  Paulo  and  Minas  Geraes, 
have  attempted  geological  surveys,  and  there  has  been  a  federal  survey 
only  since  1907.  With  these  important  exceptions,  there  ia,  therefore,  no 
bureau  of  the  government  to  which  geologists,  engineers,  or  the  public 
can  turn  for  information  about  the  geology  of  the  country. 

These  facts,  and  others  that  need  not  be  mentioned,  have  led  me  to 
value  highly  every  bit  of  geologic  information  that  has  come  to  my  knowl- 
edge, no  matter  how  small  it  may  be ;  indeed,  much  of  the  data  has  been 
gathered  from  individuals  and  from  all  kinds  of  publications,  scattered 
far  and  wide,  and  many  of  them  difficult  or  even  impossible  of  acceas  to 
most  people. 

But,  as  all  human  knowledge  is  imperfect  and  must,  of  a  necessity, 
remain  so,  the  best  we  can  do  is  to  push  forward  little  by  little  the  froii- 
tiere  of  our  information,  and,  holding  on  firmly  to  such  knowledge  as  we 
have,  add  to  it  as  opportunity  offers.  It  is  only  so  that  science  makes 
progress  in  any  country  and  in  any  field.  In  such  spirit  this  map  has 
been  prepared,  for  the  purpose  of  showing  the  state  of  our  knowledge  of 
the  geology  of  Brazil  and  to  prepare  the  way  for  additions  to  that  knowl- 
edge. 

The  scale  of  the  map  makes  it  quite  impossible  to  ahow  many  of  the 
details  that  are  known  of  the  geology  of  some  regions,  while  so  little  is 
known  of  other  regions  that  the  only  safe  thing  to  do  is  to  leave  the  areas 
iilank  until  our  knowledge  shall  have  been  extended. 

The  geology  shown  on  the  map  is  based  largely  on  personal  observa- 
tions covering  a  period  of  ten  years  of  actual  work  and  travel  in  all  of 
the  Brazilian  States  except  Goyaz  and  Piauhy.  Much  aid  has  been  re- 
ceived also  from  the  unpublished  notes  of  Roderic  Crandall,  who  was 
some  time  my  assistant  and  who  did  valuable  work  on  the  geology  of 
Bahia,  Minas,  Ceara,  Alagoas,  Serglpe,  and  Amazonas.  This  direct  in- 
formation has  been  supplemented  by  all  the  data  published  and  by  much 
that  is  unpublished,  but  kindly  furnished  by  friends  and  acquaintances 
who  have  a  personal  knowledge  of  the  geology  of  certain  parts  of  Brazil, 
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Thie  statement  is  necessary  because  the  map  may  otherwise  seem  to  be 
more  detailed  than  the  published  data  seem  to  warrant. 

Xest  after  my  personal  observations  and  those  of  my  assistants  I  have 
sought  the  oripinal  sourceB  of  all  trustworthy  information  about  the 
geologj-  of  Brazil — information  scattered  through  books  of  travel  and 
oven  through  the  daily  newspapers  of  that  country,  as  well  as  through  the 
scientific  publications  of  all  parts  of  the  world. 

The  observations  of  some  of  the  early  geologists  have  been  made  diffi- 
cult by  their  use  of  certain  terms.  The  word  "itacolumite,"  for  example, 
has  been  especially  confusing,  while  the  words  "uehergannrschiefer," 
traumatic  shales,  "formation  phylladienne,"  and  such  like  expressions 
keep  one  in  constant  doubt  about  the  precise  meaning  of  the  authors 
using  them. 

The  te.xt  accompanying  the  geologic  map  of  Brazil  is  not  intended  to 
explain  or  give  details  regarding  the  geolofrj-,  but  simply  to  provide  a 
brief  condensation  of  what  is  known  and  to  enable  those  who  use  the  map, 
or  who  seek  information  aiiout  the  geologj'  of  Brazil,  to  start  with  a  fairly 
clear  idea  of  what  is  known,  and  to  obtain  at  first  hand  all  of  the  pub- 
lished information  that  exists  in  regard  to  the  gcolog\-  of  the  countri'  and 
of  each  state. 

In  view  of  the  limitations  of  our  knowledge,  it  is  not  possible  to  repre- 
sent on  the  map  more  than  thirteen  subdivisions  of  the  preolngic  column. 
■  In  some  localities  many  more  subdivisions  are  known  and  over  a  limited 
area  might  have  been  shown,  but  there  would  be  no  particular  object  in 
giving  all  of  these  eubdivisions  on  a  map  of  this  scale.  The  minor  details, 
even  where  they  are  known,  are  necessarily  omitted  on  account  of  the 
small  scale  of  the  map.  In  regions  of  horizonfa]  rocks  where  partings  are 
dendritic  in  form  and  outliers  are  abundant,  these  features  can  not  con- 
veniently be  shown.  The  areas  of  old  crystalline  schistc  are  almost  everv- 
where  traversed  by  dikes  of  eruptive  rocks,  but  these  dikes  are  usuallv 
too  small  to  be  shown  on  a  map  of  the  scale  of  this  one.  The  same  thing 
is  true  in  the  southern  states,  where  numerous  dikes  cut  all  of  the  rocks 
below  the  Cretaceous. 

Inasmuch  as  interest  in  the  geology  of  Brazil  is  likely  to  be  more  or 
less  a  special  interest  in  some  particular  branch,  it  seems  worth  while  to 
refer  to  the  available  sources  of  information  in  regard  to  the  diffei-ent 
branches  of  geology,  such  as  economic  geoloey.  paleontology,  petrosrraphv, 
etcetera,  and  to  other  matter  that  geologists  may  need  to  know. 

ilany  of  the  books  and  papers  cited  are  not  only  not  on  geolog^i",  but 
they  contain  very  little  geological  infonnation :  but  the  stray  notes  of  a 
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traveler  in  little  known  regions  often  afford  valuable  clues,  and  sometimea 
they  are  the  only  ones  we  have. 


The  maps  of  Brazil,  like  those  of  other  countries,  are  not  all  good. 
There  is  no  trustworthy  large  scale  general  nyip  of  the  country.  Some 
of  the  states  have  no  surveys  and  are  poorly  provided  with  maps ;  others 
have  lately  undertaken  good  topographic  maps,  notably  Sao  Paulo  and 
Minas  Geraes.  The  Sao  Paulo  topographic  maps  are  on  a  scale  of  1  to 
100,000,  with  25  meters  contour  intervals,  and  five  sheets  have  now  been 
published.  The  topographic  maps  of  Minas  Geraes  are  on  a  scale  of  1  to 
100,000,  with  50  meters  contour  intervals:  ton  eheete  have  been  pub- 
lished. Of  late  years  the  need  of  trustworthy  maps  compelled  the  In- 
^peetoria  de  Obraa  Contra  as  Seccas  to  make  their  own  maps  of  several 
(if  the  northern  states  in  which  drouths  occur,  notably  in  Piauhy,  Ceara, 
Rio  Grande  do  Norte,  Parahyba,  Pernambuco,  Scrgipc,  and  Bahia,  and 
though  made  mostly  by  horseback  meanders,  are  noteworthy  as  being  the 
most  valuable  additions  made  of  late  years  to  the  cartogiaphy  of  those 
stales.  This  work  was  planned  and  carried  out  by  the  diptingui,shed 
Brazilian  geologist  and  engineer.  Dr.  Miguel  Arrojado  E.  Lisboa.  while 
he  was  director  of  the  Inspectoria  de  Obras  Contra  as  Seccas,  and  these 
maps  have  been  our  chief  source  of  information  in  regard  to  the  geo- 
graphic details  of  the  states  sn  mapped. 

In  1913  the  Inspectoria  Federal  das  Estradas,  under  the  inspectorship 
of  Br.  Jo86  Eatacio  de  Lima  Brandio,  published  a  valuable  modern  atlas 
of  the  railways  of  Brazil :  but  the  sheets  are  on  various  scales  and  are 
hardly  available  for  the  purposes  of  geologists.  The  atlaa  of  Homen  de 
Mcllo  gives  as  good  maps  of  the  states  as  can  be  had  on  a  small  scale. 
The  first  edition  of  his  work  was  published  in  1SS2;  the  last  in  1909. 
There  are  maps  of  most  of  tlie  states,  some  of  them  remarkably  good  in 
^iew  of  the  lack  of  trustworthy  data  for  their  construction. 

The  base  map  used  for  the  geology  has  been  compiled  especially  for  the 
purpose  by  using  all  available  data,  in  so  far  as  it  can  be  shown  on  a 
map  of  this  scale.  Dr.  L.  \.  Bauer,  Director  of  the  Department  of  Ter- 
restrial Magnetism  of  the  Carnegie  Institution,  has  kindly  furnished  me 
at]  the  available  determinations  of  latitude  and  longitude  made  under  his 
direction  in  Brazil.  I  have  also  had  the  determinations  made  under  Dr. 
II.  Morize,  director  of  the  astronomical  observatory  at  Rio  de  Janeiro, 
besides  the  results  of  the  magnetic  survey  of  eastern  Brazil  by  Dr.  Van 
Rvckevorsel  and  E.  EiiTclenhiirff.  published  at  Amsterdam  in  1890. 

Unfortunately  it  is  impossible  at  present  to  tie  into  this  network  many 
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other  places  that  should  be  or  are  shown  on  the  map,  and  the  location  of 
geological  data  thus  becomes  very .  uusatiafactory  in  many  instances. 
Xotes  under  most  of  the  states  mention  the  authorities  for  the  map  of 
the  state.  Boundaries  between  the  states  are  not  yet  definitely  settled, 
and  no  importance  can  be  attached  to  state  boundaries  given  on  the  map. 
Only  railways  actually  constructed  are  shown  on  the  map.  Flamsteed'e 
projection  is  used  as  being  the  one  best  adapted  to  an  equatorial  region. 

WORKS  ox  THE  PHYSICAL  OBOORAPBY 

Below  are  mentioned  the  principal  works  on  the  physical  geography  of 
Brazil : 

Eschwege's  sketch  of  the  geologj'  of  Brazil,  published  in  trie  Annales 
des  Mines,  volume  VIIl,  1823,  is  given  in  Portuguese  at  pages  35-39  of 
the  appendices  to  Boubee's  Qeologia  Elementar,  Rio  de  Janeiro,  1846. 

On  the  physical  features  of  the  country  there  is  nothing  better  than 
the  work  of  Elysee  Iteclus.  Hie  volume  on  Brazil  has  been  translated  into 
Portuguese  by  Dr.  Ramiz  tialvao,  and  many  valuable  corrections  ami 
notes  have  been  added  by  the  translator. 

An  older  and  less  comprehensive  work  is  Hartt's  book  on  Ihe  Physical 
Geography  and  Geology  of  Brazil.  It  is  primarily  devoted  to  gcolo;ry, 
but  it  brought  together  most  of  the  data  on  the  physical  features  of  Brazil 
published  up  to  1870,  when  it  appeared,  and  added  Hartfs  own  observa- 
tions along  the  coast  from  Rio  de  Janeiro  to  Bahia. 

A  much  shorter  paper  by  Derby  is  given  in  Wappaeus'  "Geographia 
physiea  do  Brazil,"  chapter  V,  pages  4-t-r>9,  with  a  map.  It  appeared  al^ 
in  the  Portuguese  translation  of  Lapparent's  Geologic,  pages  333-343. 
This  is  in  the  Portuguese  language.  The  same  article  was  republished  in 
English  in  The  Rio  News  of  December  5  and  15,  Rio  de  Janeiro.  1884. 
and  in  the  Annuaire  gfelogique  universe]  II,  2''  parte,  pages  29-,'!5,  Paris, 
1886.  The  Hevista  Italo-Americana,  volume  I,  Roma.  1902,  contains  a 
paper  by  Vincenzo  Grossi  entitled  "Appunti  sulla  geografia  fisica  del 
Brasile,"  In  The  Brazilian  Year  Book  for  1900,  published  at  Rio  do 
Janeiro.  Mr,  Derby's  article  on  the  physical  and  geological  features  of 
Brazil  are  given  at  pages  11  to  14. 

A  late  interesting  work  that  contains  much  valuable  information  if 
that  of  Dr.  C.  M.  Delgado  de  Carvalho,  entitled  "Geographia  do  Brasil." 
8°.  2.13  pages,  Rio  do  Janeiro,  1913.  There  is  a  short  but  comprehensive 
article  by  the  same  author  in  the  .Scottish  Geographical  Magazine.  Feb- 
ruary, 1918,  volume  XXXIV.  pages  41-5.'). 

Dr.  M.  A.  R.  Lisboa  is  preparing  a  comprehensive  work  on  the  phvsical 
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features  of  Brazil  that  will  bring  the  subject  up  to  date.    I  am  unable  to 

give  the  title  of  the  work,  however. 


W0RK8  0.V  THE  OESBRAL 

There  are  but  few  books  on  the  general  geology  of  Brazil.  Hartt's 
Geology  and  Physical  Geography  of  Brazil,  published  at  Boston  in  1870, 
was  the  first  considerable  work  treating  of  the  geology  of  Brazil  as  a 
whole.  The  book  is  now  long  out  of  print,  but  copies  are  occaBionally 
offered  by  dealers,  and  it  can  be  found  in  moBt  of  our  large  libraries. 

The  article  by  H.  Gorceii,  in  "Le  Grande  Encyclop^ie,"  chapter  IV 
of  the  second  edition,  Paris,  1889,  is  a  short  but  good  one  on  the  general 
geology  of  Brazil. 

In  1906  Branner's  Geologia  Elementar  was  published  in  Portuguese  at 
Ri».  This  work  was  meant  for  a  text^book  for  the  use  of  Brazilian  etn- 
(ients,  but  the  third  part  contained  a  resum^  of  the  geology  of  Brazil. 
The  second  edition  of  this  book  was  published  in  1915,  and  the  third 
part,  on  historical  geology,  gives  brief  statements  of  the  distribution  of 
rofkg  of  different  ages  wherever  they  are  known,  and  the  footnotes  refer 
to  the  authorities. 

Rodolplio  von  Ihering,  in  his  little  book  entitled  "Landeskunde  der 
Hepublik  Brasilien,"  Leipzig,  1008,  gives  at  pages  17-27  a  sketch  of  the 
broad  features  of  the  geology  of  Brazil.  It  is  a  brief  but  good  compila- 
tion from  some  of  the  best  sources. 

QEOLOaW  MAP8  OF  BRAZIL 

Several  attempts  have  been  made  to  produce  geologic  maps  of  Brazil, 
hut  in  most  cases  the  maps  have  been  on  very  small  scales,  and  the  geology 
has  been  represented  by  broad  generalizations  and  necessarily  based  on 
von-  limited  knowledge. 

One  of  the  difficulties  any  one  encounters  who  undertakes  such  a  map 
is  the  impoBfiibility  of  correlating  the  geology  of  one  area  with  that  of 
another.  This  is  difficult  or  quite  impossible,  even  for  those  who  do  the 
field-work  itself;  but  when  one  tries,  from  data  gathered  by  two  or  more 
different  geologist*,  to  reconcile  their  differences  of  interpretation,  and 
to  correlate  when  the  data  for  correlation  are  not  available,  it  is  clearly 
impossible  to  obtain  results  satisfactory  to  one's  self  or  to  others,  espe- 
cially if  nice  discriminations  are  attempted. 

A.  D'Orhigny.  7.?-i3.— The  first  geologic  map  of  Brazil  seems  to  have 
been  one  forming  part  of  the  "Carte  de  IWm^rique  Meridionale  indiquant 
ses  differentes  epoqucs  geologiques,  par  \.  D'Orhigny."  dateil  1842  and 
published  as  plate  X  of  "Voyage  dans  I'Amerique  M^ridionale,  ...  par 
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M.  Alcide  D.  D'Orbigny,"  tome  III,  3"  partie,  G4ologie,  Paris,  1842. 
The  map  show3  all  of  South  America  on  a  scale  of  1  to  18,333,333.  The 
fTt  ology  is  not  shown  in  th&  usual  way,  but  shaded  areas  represent  the 
continent  without  geographic  details  subsequent  to  four  geologic  periods, 
namely,  "apres  les  terrains  siluriens,"  "apres  les  terrains  carbonif^res," 
"apres  les  terrains  triassiques,"  and  "apres  les  terrains  cr^tacea."  This 
chart,  however,  is  a  geologic  diagram  rather  than  a  geologic  map  of 
South  America. 

Francisco  Foetlerle,  185^. — The  next  geologic  map  of  Brazil  of  which 
I  lia\c  any  knowledge  is  that  of  Francisco  Foetterle.  It  is  entitled  "Golpe 
lie  vista  Gt'olojrico  do  Brazil,  e  de  alpumas  outras  partes  ccntraes  da 
America  do  Sul  promptificado  no  Institute  Geologico  Imperial  Keal  Aus- 
triaco  fundado  e  dirigido  polo  Professor  Guilherme  Haidinger  por  Fran- 
cisco Foetterle  em  Vienna  em  Avril  1834." 

This  map  was  made  for  Dr.  K.  Fr.  Ph.  von  Martins,  the  Brazilian  ex- 
plorer, by  Dr.  Franz  Foetterle,  who  was  at  the  time  an  assistant  on  the 
K.  K.  pcologischen  Heichsanstalt.  I  had  the  good  fortune  to  see  the 
original  of  this  map  at  the  rooms  of  the  Geological  Society  of  London  in 
11K)4.  Tlie  author  had  made  himself  familiar  with  most  of  the  data  pub- 
lifilivil  up  to  that  time  on  the  geology  of  Brazil  and  of  the  adjacent  re- 
gions. Altogether  it  is  a  remarkable  map,  evidently  made  by  a  discrimi- 
nating! and  painstaking  person.  In  the  title  itself  are  given  the  names 
of  the  authorities  consulted,  and,  besides  the  geology,  there  are  many 
marginal  notes  on  elevations  and  historic  data  of  interest  The  geolojrv 
is  shown  entirely  across  the  South  American  continent,  from  5  degrees 
north  latitude  to  35  degrees  south  latitude. 

The  scale  is  1  to  15,000,000  and  the  geologic  coloring  shows  the  fol- 
lowing divisions:  five  divisions  for  granites,  gneiss,  itacolumitc.  and 
schists  (chloritie  and  traumatic) ;  Silurian,  Devonian,  amphibolite,  lime- 
stone. Carboniferous,  Trias,  marl,  red  sandstone,  volcanics.  Tertiary-, 
diluvium  (pampas),  and  special  signs  for  gold,  diamonds,  iron,  and  coal. 

In  the  light  of  our  present  knowledge  of  the  geology  of  Brazil.  Foct- 
ferle's  map  must  be  regarded  as  having  but  little  more  than  a  historical 
value. 

Fram  Foetlerle,  1S5G.—In  Petermann'a  Mittheilungen,  Gotha,  18r>6, 
Franz  Foetterle  has  an  article  at  pages  187-192.  on  "Die  Geologic  von 
Stid-Amerika,"  which  is  accompanied  by  a  geological  map  of  the  entire 
continent  of  South  America  on  a  scale  of  1  to  2>,000,000.  In  so  far  as 
Brazil  is  concerned,  it  is  a  repetition  of  his  map  of  1854.  On  this  smaller 
one  he  shows  fourteen  geologic  divisions. 
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J.  E.  Wappaeus,  18Si. — "A  geographia  pbjsica  do  Braail"  (Edi^ao 
coodensada),  Kio  de  Janeiro,  1884.  This  work  contains  a  chapter  by 
Onille  A.  Derby  on  the  Btructura!  geology  and  minerals  of  Brazil.  The 
teit  forms  ehapter  V,  pages  44  to  59,  and  it  is  accompanied  by  a  sketch- 
map  made  by  Derby  showing  the  geology  of  Brazil.  The  scale  is  very 
small  {about  1  to  90  millions)  and  the  geological  column  is  shown  in  aii 
divisions,  namely:  Archean,  Paleozoic,  Carboniferous,  Trias  (?),  Creta- 
eeoufl,  and  Tertiary  and  Quaternary  (combined).  No  attempt  is  made, 
hovever,  to  show  these  subdivisions  over  more  than  abont  half  of  the  area 
of  Brazil.  The  teit  accompanying  this  map  is  based  partly  on  Derby's 
personal  knowledge,  but  no  references  are  made  to  the  other  sources  of 
information  used  in  the  preparation  of  the  map. 

Dr.  Hermann  Berghaus,  1S93. — "Atlas  der  Geologic"  (Berghaus' 
Physikalischer  Atlas,  Abteilung  I),  Gotha,  Justus  Perthes,  1892.  Plate 
niifflber  14  shows  the  geology  of  the  whole  of  South  America;  it  seems 
to  have  been  compiled  chiefly  by  Dr.  Q.  Steinraann.  It  is  on  a  scale  of 
1  to  30  millions.  There  are  eleven  subdivisions  of  the  geologic  column, 
as  follows:  (1)  Archean,  (2)  younger  eruptives,  (3)  crystalline  schists, 
(4)  Paleozoic,  (5)  coal  beds  with  Glossopferis  flora,  (6)  Jura  and  Trias 
(not  in  Brazil),  (7)  Uesozoic,  (8)  Cretaceons  {?),  (9)  basic  eruptives, 
(10)  Tertiary,  (11)  Quaternary. 

Domicio  da  Qama,  no  date. — In  his  "Atlas  universal  de  geographia 
physica  e  politica,  nova  edigao  correcta,  por  Domicio  da  Garoa,  Rio  de 
Janeiro,"  no  date,  the  author  gives  on  plate  32  a  geologic  map  of  Brazil. 
This  map  has  not  been  seen  by  the  present  writer. 

BarSo  Tlomem  de  Hello  e  Dr.  Francisco  Homem  de  Mello,  1909. — 
"Atlas  do  Brazil,"  Rio  de  Janeiro,  1909.  A  plate  entitled  "Esbo^o  da 
carta  geologica  do  Brazil,"  on  a  scale  of  1  to  19  millions,  represents  the 
general  geology  of  Brazil.  There  are  only  four  colors  used  for  the  geol- 
ogy, as  follows :  Archean  and  Lower  Paleozoic,  Middle  and  Upper  Paleo- 
zoic, Meeozoic,  and  a  single  color  for  both  Tertiary  and  Quaternary.  No 
author's  name  is  given  on  the  plate,  nor  does  the  text  make  any  mention 
of  the  name  of  the  person  responsible  for  the  geology  shown,  but  Barao 
Homem  de  Mello  informs  me  that  it  was  prepared  for  him  by  0.  A. 
Derby.  The  fact  that  no  authority  is  mentioned  on  the  map  is  probably 
because  Mr.  Derby  was  very  cautions  about  committing  himself  to  the 
generalizations  required  for  a  map  of  the  kind ;  and  no  one  knew  better 
than  he  did  the  limitations  of  our  knowledge  of  the  geology  of  Brazil. 

Manoel  Paulino  Cavalcanit,  1910. — A  series  of  maps  of  Brazil  showing 
climate,  agriculture,  statistics,  and  geology  was  published  at  Rio  de 
Janeiro  in  1910  by  the  Sociedade  Nacional  de  Agticnltura  under  the 
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editorship  of  Dr.  Manoel  Paulino  Cavalcanti,  director  of  the  Poato  Zoo- 
technieo  Federal.  It  is  on  a  scale  of  1  to  12  millionB.  Eight  subdivisions 
of  the  geologic  column  are  shown,  namely:  Quaternary,  Tertiary,  Cre- 
taceous, Triae,  Carboniferous,  Devonian,  Silurian,  and  Archean.  Though 
this  map  is  largely  diagrammatic,  it  is  the  most  dependable  efTort  thus 
far  made  to  produce  a  geologic  map  of  Brazil. 

Theodora  Sampaio,  1911. — In  hia  "Atlas  doa  Estadoe  Unidos  do  Brazil 
pelo  Engenheiro  Civil  Theodoro  Sampaio,"  published  at  Bahia  in  1911, 
the  author  of  that  work  gives  a  small  geological  map  of  Brazil  on  a  scale 
of  1  to  40  millions.  Six  geologic  divisions  are  shown.  In  spite  of  the 
very  small  scale,  it  is  among  the  best  geologic  maps  of  that  country. 

Miscellaneous  reproductions. — Several  email  maps  have  been  published 
showing  the  general  geology  of  Brazil,  but  they  have  evidently  been  mad« 
from  some  of  the  larger  maps  already  mentioned.  One  that  may  be 
taken  as  an  example  is  that  given  by  Prof.  James  Geikie  in  his  paper, 
"The  evolution  of  climate,"  published  in  The  Scottish  Geographical 
Magazine,  volume  VI,  pages  57-77,  Edinburgh,  1890,  and  accompanied 
by  email  scale  maps  of  the  geology  of  the  globe.  The  title  of  the  map, 
however,  says  that  it  is  "after  Berghaus,  llarcoii,  and  other  authorities." 

Another  geological  map  of  South  America  on  a  scale  of  1  to  50  mil- 
lions is  given  opposite  page  57,  in  "Siid  und  Mittelamerika  von  Wilhelm 
Sievers,  Leipzig  und  Wien,  1903."  The  title  of  .this  map  says  it  is  after 
Berghaus  and  others. 

In  addition  to  these  maps  of  the  whole  country,  a  few  geologic  maps  of 
some  of  the  states  or  provinces  have  been  published ;  these  state  maps 
will  be  mentioned  in  the  bibliographic  reference  to  the  states  themselves. 

OtrrLINES   OF  THE   8TRAT10RAPHIC    GeOLOOY 
I.V  QBflBRAl. 

The  text  on  the  stratigraphy  is  intended  to  give  only  a  brief  outline 
of  the  general  geology  of  Brazil,  including  statements  of  the  character  of 
the  rocks,  structural  features,  areal  distribution,  and  the  Bubdivisions  of 
the  geologic  column — enough,  it  is  hoped,  to  guide  geologists,  and  to 
serve  as  a  basis  for  future  work. 

If  more  details  arc  required  they  may  be  found  (in  case  they  are  known 
and  published)  in  Branner'a  Geologia  Elementar,  second  edition,  or  in 
the  papers  cited  in  the  bibliographies  of  the  different  states. 

In  the  course  of  the  preparation  of  the  map  many  problems  regarding 
stratigraphy  have  demanded  attention,  and  they  had  to  be  dealt  with  in 
order  that  the  work  might  go  forward. 
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It  hae  not  been  my  purpose,  however,  to  settle  controverted  qnestione 
in  Brazilian  geology  further  than  the  facts  warrant  or  further  than  was 
necessary  in  order  to  put  the  geology  on  tiie  map  in  one  way  or  another. 
I  have  frankly  stated  doubts  wherever  they  exist,  and  I  ask  the  indul- 
gence of  those  who  may  reach  different  conclusions  in  regard  to  the  many 
disputed  problems.  It  is  hoped  that  even  the  statement  of  doubts  and 
differences  of  opinion  may  help  toward  their  settlement  by  leading  to  the 
accumulation  of  evidence  in  the  field.  The  field  geologist  must  therefore 
feel  st  liberty  to  look  on  the  solutions  here  suggested  as  working  hy- 
potheses, to  be  confirmed  if  found  correct,  or  to  be  rejected  if  found 
wrong. 

In  regard  to  the  areas  left  blank  ob  the  map,  there  is  no  information 
available  at  present. 


General  discussion. — The  rocks  referred  to  the  Archean  in  Brazil  are 
granites,  gneisses,  quartzites,  marbles,  and  crystalline  schists.  Too  little 
is  known  of  these  old  rocks  at  present  to  warrant  such  a  separation  of 
them  as  has  been  made  of  similar  rocks  in  North  America ;  for  that  reason 
they  are  called  the  Brazilian  complex.  Many  years  ago  it  was  believed 
that  Eozoon  canadense,  a  supposed  fossil  foraminifer  supposed  to  be  char- 
acteristic of  the  Lanrentian,  had  been  found  in  the  Brazilian  Archean 
near  the  falls  of  Paulo  Affonso,  in  the  State  of  Alagoas.  Derby  said  of 
it:  "Esta  descoberts  confirms  a  opiniao  emittida  pelo  fallecido  Professor 
Hartt  sobre  a  idade  geologica  dos  gneiss  brazileiro."  *  The  supposed 
fossil,  however,  is  not  now  regarded  as  a  fossil  at  all,  and  no  further  at- 
tempt to  subdivide  the  Archean  of  Brazil  has  been  made  or  can  be  made 
as  yet.  Bocks  of  the  Brazilian  complex  are  found  in  all  of  the  states, 
and  the  area  in  which  they  are  the  surface  rocks  in  Brazil  is  large,  and 
much  of  it  not  yet  outlined,  while  the  structure  and  character  of  the 
rocks  vary  greatly.  About  Rio  de  Janeiro  and  through  the  Serra  do  Mar 
generally  they  are  mostly  massive  granites  and  gneisses.  In  northern 
Brazil  they  are  more  closely  folded :  everywhere  they  are  faulted  and  cut 
by  pegmatite  and  other  dike  rocks  and  traversed  by  veins  of  quartz. 

But  little  is  known  of  the  structure  of  the  Brazilian  complex.  Much 
information  on  the  subject  is  scattered  through  the  literature,  but  widely 
separated  areas  can  not  be  confidently  tied  together  with  the  data  now 
available.     Even  the  "chief  lines  of  elevation  or  folding"  suggested  by 

0  g«ol(«ico  do  VaUc  do  Slo  Pran«I>co.  p.  11.     Rta  de 
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Dr.  John  W.  EvanB"  are  not  supported,  so  far  ae  Brazil  is  concerned,  bv 
our  knowledge  of  the  local  details. 

Over  much  of  the  Archean  area  are  scattered  infaulted  remnants  of 
old  Paleozoic  rocks  that  yield  a  peculiar  and  characteristic  topography. 
The  infaulted  masses  are  of  all  sizes,  from  areas  of  thousands  of  square 
kilomefers  down  to  only  a  few  square  metera.  These  rocks,  however, 
belong  with  the  next  newer  series,  where  they  are  spoken  of  more  at 
length. 

Economic  geology  of  the  Archean. — Our  imperfect  knowledge  of  the 
stratigraphic  limits  of  the  Archean  rocks  of  Brazil  makes  it  difBcult  to 
know  precisely  what  rocks  and  minerals  are  to  be  credited  to  that  diTision 
of  the  geologie  column.  Furthemwre,  minerals  that  probably  originated 
in  newer  rocks  are  now  often  found  in  the  Archean  areas,  where  they 
have  been  left  by  the  denudation  of  later  series  to  which  they  properly 
belong.  On  the  other  hand,  the  Archean  rocks  are  the  original  sources 
of  certain  minerals  that  are  now  found  in  later  deposits  in  which  they 
have  been  concentrated,  as,  for  example,  the  monazite  sands  of  the  coasts. 
It  can  confidently  be  stated  that  tlie  Archean  rocks  of  Brazil  contain 
many  minerals  which  have  not  yet  been  developed  economically  in  that 
country.  The  entire  list  includes  gold,  copper,  platinum,  tungsten,  mica, 
marble,  talc,  apatite,  graphite,  potash-bearing  rocks,  precious  stones,  and 
excellent  building  stones.    This  list,  however,  is  not  complete. 

EARLY  PALEOZOIC 

General  observations. — The  separation  of  the  rocks  of  the  Brazilian 
complex  from  the  next  newer  series  can  not  be  made  with  confidence  at 
present,  but  for  purposes  of  discussion  the  top  of  the  Archean  is  placed 
at  the  base  of  the  quartzite  called  "itacolumite,"  in  Minas, 

The  groups  of  rocks  here  called  early  Paleozoic  can  not  be  clearly  de- 
fined for  lack  of  stratigraphic  data.  Xo  fossils- have  been  found  in  anv 
of  them.  Many  of  them  have  been  profoundly  metamorphosed ;  otherii 
have  been  much  less  affected ;  over  vast  areas  they  have  been  almost  com- 
pletely removed  by  denuding  agencies,  but  over  these  same  areas  remnant? 
of  the  old  Paleozoic  sediments  stand  out  in  bold  relief  as  isolated  knob?, 
peaks,  and  even  as  bold  and  rugped  mountain  ranges.  The  rocks  varv 
from  soft  clay  shales  to  the  hardest  of  quartzites,  the  quartzitcs  invariaidy 
forming  the  ridges,  while  in  the  parallel  shale  beds  intervening  vallevs 
have  been  cut.  Within  limited  areas  the  structural  features  are  some- 
times remarkably  uniform,  though  not  perfectly  so.  The  structure  shovf 
that  these  early  Paleozoic  sediments  have  been  extensively  dislocated  bv 
thrust-faults  and  otic  end  of  the  beds  thrust  down  into  the  underlviup 


London.  1IK>6. 


JyGOO'^IC 


STRATIORAFHIC   QEOLOOY  205 

gneiseeB  and  granites.  The  result  is  a  section  somewhat  like  the  ones 
here  shown,  but  varying  according  to  the  angle  of  the  faolt-plaue,  the 
amount  of  the  thrust,  etcetera.  These  early  Paleozoic  beds  are  thus 
brought  into  intimate  relations  with  the  Arcbean  rocks,  and  it  seems 
quite  probable  that  the  high  mctamorphism  aiTd  the  presence  of  so  many 
characteristic  and  valuable  minerals  may  be  due,  in  part  at  least,  to  these 
relations.  The  dips  of  the  beds  are  generally  high,  and  not  infrequently 
ihe  beds  are  nearly  or  quite  vertical.  The  statement  is  sometimes  made 
that  the  dip  is  always  toward  the  east,*  with  a  rugged  outcrop  on  the  west; 


FiorBE  1. — Theortllc  Structure  of  Thruil-fautling  of  earlg  Paleotoic  Into   tht  Archean 

this  is  locally,  and  only  locally,  true.  In  the  State  of  Bahia  the  Serra  de 
Jacobina,  which  belongs  to  this  series,  dips  about  60  degrees  toward  the 
east  (with  slight  variations)  along  its  entire  length — a  distance  of  22-") 
kilometers. 

In  the  State  of  Minas  Geraes,  where  the  early  Paleozoic  beds  have  been 
most  studied  and  written  about,  the  direction  and  angle  of  the  dip  varies 
much,  and  the  sequence  of  the  beds  is  variously  stated  by  different  writers. 

I  have  here  brought  together  the  sequence  in  Minas  Geraes  as  given 
by  eight  different  geologists: 

Ebchwbob.  1831  CLAuesEN,  1841 

(Opblr^kimde  BrBBillena)  (Acad.  Roy.  Bruxelles,  volume  VIII) 

I.'el)ergaDKsthonscblefer  Terrain  transition 

Risengllmmer  Trauma  teux 

Itacolamlte-quartz  Itacolumite 

Urthonscblefer  Mfcadqne 

Kornqoartz  Quartzltlgue 

Granlte-Knelss  Oranlte-gnelss 
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HELHBKICBSJf,'  1846 

(Geog.    Vorkommen    der   Dtamanten, 
1S46) 


op  the  geology  of  brazil 

Gehbeb,  1803 

(NoQSes  ...  da  ProTincla  de  Mlnu 
Geraes,  1863,  pages  17-20) 


Itacolumlte 

Tatoose  and  clay  slate 

Slaty  gneiss 


Qranlte-gneiss 


GOBCEIX,  1881 
(Ann.  Escola  de  Minas,  volume  I) 

Palpozolo  limestone 


Transition 

Itacolnmite 

Iron,  talc,  and  steatite 

Itablrlte 

Quartzlte 

Granite-gnelsa 

Fbakcisco  de  p.  Olitzira,  18S1 

(Ann.    Escola    de   Minas.    volume  I, 
page  53) 

Llmeatonea,  shales,  and  red  sandstone 


Sdilsts 

Iron  (Ita Writes) 
Qunrtziten  (Coraga) 
Schistoxe  nuattzlte 

Granite-gnelsB 


Itablrltea 

Talcltes  and  phjUltes 
Quartzltea 
Talcose  rocks 

Talcltes-mica  schists 
Granlte-gnelss 


E  Caupos,  1910 


D  Chaubeblin,  1911 


(Iron  Ore  Resources  of  the  World,     Journal   of  Geology,   volume   XXIII. 
volume  II,  page  816)  pages  345-347) 

Limestones,  age? 


Itacolumlte  Quartzlte 
rtraclcsba  formation 
-  Iron  (mostly  Itablrlte) 
Batatal  schists 
Caraca  ouift^lte 


Sedlmentarles 


Crystalline  schists  and  granite 


Granite,  gneiss,  schists 


Those  tables  lead  to  the  conclusion  that  either  the  various  writers  op 
the  early  Paleozoic  rocks  of  Brazil  are  not  speaking  of  the  same  place?  or 
else  they  disagree  ahout  the  subdivisions  of  the  series.  My  own  observa- 
tions, both  on  the  rocks  themselves  and  on  the  writings  of  these  genl- 
ogiwts,  lead  me  U>  believe  that  the  rocks  of  this  R'rics  varj'  from  place  ti' 

'  Helmrelchen'B  aecllon  la  at  ClvSo  Mojcol  and  II  probahlj-  does  not  belong  hpt*. 


)vGoo<^lc 


8TRATIORAPHIC    GEOLOGY  207 

place  just  as  other  sedimentary  series  do,  and  that  the  disagreements  of 
geologists  are  due  to  their  efforts  to  generalize  from  their  observations. 
The  scientific  and  economic  importance  of  this  series  of  rocks  in  Brazil 
entitles  it  to  the  careful  attention  of  geologists. 

Economic  geology  of  the  early  Paleozoic. — Economically,  the  early 
Paleozoic  rocks  of  Brazil  are  of  the  greatest  importance,  for  they  include 
not  only  the  gold  veins  from  which  existing  rock  mines  obtain  their  gold, 
but  they  are  the  indirect  sources  of  the  gold  obtained  from  the  old  placer 
washings.  This  series  also  includes  the  great  iron  and  manganese  de- 
posits of  Brazil.  The  diamonds  and  other  precious  stones  of  Brazil  are 
also  supposed  by  some  geologists  to  have  originated  in  these  early  Paleo- 
zoic beds,  though  there  is  difference  of  opinion  on  this  subject.  Without 
going  into  details,  it  is  evident  that  this  series  of  rocks  is  of  the  greatest 
economic  importance  and  of  the  highest  scientific  interest. 


The  oldest  known  fossils  found  in  Brazil  are  from  the  Silurian,  in  the 
States  of  Amazonas  and  Para.  (See  Clarke  and  Katzer  under  those 
states.) 

The  Silurian  rocks,  where  they  are  recognized  as  such,  are  marine  sedi- 
ments, mostly  in  the  form  of  thin-bedded  sandstones.  They  are  exposed 
where  crossed  by  the  Trombetas.  Curufi,  and  Maecuru  rivers  on  the  north 
side  of  the  Amazon  River,  and  dip  gently  southward.  On  the  Trombetas 
the  zone  is  from  six  to  eight  kilometers  wide.  The  fossils  show  them  to 
be  equivalent  to  the  Niagara  beds  of  New  York  State.  Although  the 
rocks  that  overlie  the  Silurian  north  of  the  Amazon  appear  again  on  the 
south  side  of  that  stream,  no  rocks  known,  from  paleontologic  evidence, 
to  be  Silurian  appear  immediately  south  of  the  Amazon." 

It  is  highly  probable  that  there  are  rocks  of  Silurian  age  in  many  other 
places  in  Brazil,  notably  in  Bahia  and  Minas,'  but  the  absence  of  fossils 
has  thus  far  prevented  their  confident  identification.' 


General  obsenations. — The  Devonian  is  found  in  the  States  of  Ama- 
zonas and  Para  in  the  north,  in  Sao  Paulo  and  ParanA  in  the  south,  and 
in  Ifatto  Grosso  in  the  west.    For  the  fossils  found  in  the  Brazilian  De- 


*r.  Kati«r:  O«olos<«  tod  unti 

'  6m  BraoDer :  Am.  Jour.  So[..  toI.  ixi,  Novpinlwr.  ISIO.  p.  343,  and  vol.  ixxl.  June 
mil.  p.  481. 

*0d  tb«  Rio  8Io  FrsDCIsco,  at  Bom  Jmus  ila  Lapa.  State  of  Babia,  are  llm^Btonni  li 
whicb  foasll  corala  (FsToeltes  aod  Clietetes)  are  nld  to  be  (ound.  Derbj-  beUeved  th'-n 
to  be  Sllurtan.  dot  both  forms  may  well  be  Carbon! ferous. 
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vonian,  see  the  titles  nndeT  thoee  States  by  Clarke,  Katzer,  Eayser,  Oli- 
veira  (Enzebio  de  Paulo),  Rathbon,  Schuchert,  Smith,  Vogel,  and  Von 

In  the  Amazon  region  the  Devonian  rocks  are  white  and  yellowish 
sandstones  and  black  and  reddish  shales.  Along  the  north  side  of  the 
Amazon  they  are  exposed  from  just  north  of  Almeirim  westward  to  Rio 
TJatmnfi,  a  stream  between  the  Trombetas  and  the  Negro.  They  dip 
toward  the  Amazon  at  a  low  angle — about  five  degrees.  At  Erer^  and 
elsewhere  they  are  cut  by  dikes  of  diabase.  South  of  the  Amazon  the 
Devonian  rocks  are  believed  to  be  exposed  on  Rio  Uau4a6s6  south  of 
Laranjal,  and  on  the  Tapajos  south  of  Itaituba;  but  no  fossils- have  yet 
been  found  in  these  particular  areas,  and  there  is,  therefore,  doubt  about 
their  precise  age." 

In  Parani  and  southern  SSo  Paulo  the  Devonian  rocks  seem  to  rest 
directly  on  the  Brazilian  complex  and  dip  gently  westward  beneath  the 
Permian.  The  rocks  are  conglomerates,  sandstones,  and  shaleB.  The 
diamonds  found  in  Farani  are  supposed  to  come  from  the  basal  conglom- 
erate. In  Uatto  GroBso  the  Devonian  rocks  are  sandstones  and  shales 
resting  unconformably  on  rocks  of  the  Brazilian  complex  and  dipping 
gently  eastward.  In  Bahia  the  Caboclo  shales  of  Branner  are  supposed 
to  be  Devonian,  but  thus  far  they  have  yielded  no  fossils.'" 

Economic  geology  of  the  Devonian.—'Yhe  Devonian  rocks  contain  the 
L-ODglomerates  of  Parand  from  which  the  diamonds  of  that  state  are  sup- 
posed to  be  derived. 

The  Caboclo  shales  of  the  interior  of  Bahia  are  available  for  the  manu- 
facture of  Portland  cement. 

Elsewhere  the  Devonian  beds  are  not  known  to  contain  anything  of 
special  economic  importance, 

CARBOMFBItorC 

General  observations. — FoBsiliferous  Upper  Carboniferous  beds  are  ex- 
posed on  the  lower  Tapaj'oB  in  the  State  of  Pari,  and  on  some  of  the 
smaller  streams  to  the  west  of  Tapajoe,  notably  at  Pedra  do  Barco  and  at 
Frechal,  and  also  on  the  northern  side  of  the  Amazon  on  the  rioa  Uatumii. 
Jamundi,  and  Trombetas.  The  geology  and  fossils  are  described  bv 
Chandless,  Derby,  Katzer,  Ossat,  and  Tschennede. 

All  of  the  Brazilian  rocks  certainly  known  to  be  of  Carboniferous  aye 
belong  to  the  Upper  Carboniferous  and  are  confined  to  the  areas  men- 
tioned.    Other  areas  shown  as  Carboniferous  on  Katzer's  map  of  Para 

•p.  Katzer:  Gpoloelf  des  Vntpren  Amaionan  GpMMpr.  p.  2ia. 

"  Geagrapblcal  Journal,  Augnnt.  1911.  pp.  IBl,  £6B :  Amer,  Jour  Bel.,  toI.  tutI.  Jdiw, 
1011,  p.  4S1. 
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lack  confirmation.  Dr.  Lisboa"  credits  Qonzaga  de  Campos  with  the 
report  of  Carboniferons  extending  sonth  and  west  from  the  Tapajos  area 
to  Rio  Tbeodoro  jnst  north  of  sonth  latitude  eight  degrees,  as  indicated 
by  dotted  lines  and  the  question-mark.  Bocks  in  Sao  Paulo  and  Paran& 
formerly  called  Carboniferous  by  Derby  are  now  known  to  be  of  Permian 
age,  while  the  diamond -bearing  beds  of  Bahia  referred  provisionally  to 
the  Carboniferous  by  Branner  have  not  yet  yielded  any  fossils,  and  the 
age  of  those  particular  beds  must  still,  therefore,  be  considered  as 
doubtful. 

In  the  Amazon  region  the  Carboniferous  rocks  are  shales,  sandstonea, 
and  limestones ;  the  fossils  are  found  in  the  limestones  and  are  all  marine 
forms.  At  Itaituba  the  limestone  is  eight  meters  in  thickness.  The  total 
thickness  of  these  Carboniferous  rocka  in  the  Amazon  basin  is  about  600 
meters.    No  coal-bearing  beds  have  been  found  in  them. 

The  Bahia  beds  referred  with  doubt  to  the  Carboniferous  are  the  pink- 
ish qnartzites,  sandstones,  and  conglomerates  from  whiph  diamonds  and 
carbonados  are  obtained.  The  rocks  are  gently  folded  over  much  of  the 
diamond  district  and  in  some  places  they  are  closely  folded  and  faulted. 
On  account  of  their  resistance  to  weathering  they  have  a  marked  effect 
on  the  typography  of  the  region  in  which  they  occur. 

These  quartzites,  which  are  here  tentatively  referred  to  the  Carbonif- 
erous, are  of  much  geologic  importance  and  interest  aside  from  the  fact 
that  they  are  the  rocka  from  which  the  diamonds  and  carbonados  of 
Brazil  are  derived. 

Bearing  in  mind  that  the  Carboniferous  age  of  the  group  of  rocks  here 
discussed  has  not  been  definitely  settled,  and  that  we  have  no  paleonto- 
logic  evidence  of  their  age,  it  is  nevertheless  important  to  bring  together 
such  evidence  as  we  have  of  the  age,  character,  and  distribution  of  this 
series. 

In  the  State  of  Bahia  the  structural  features  of  these  beds,  t^eir  rela- 
tion to  those  above  and  below  them,  and  their  areal  distribution  are  fairly 
well  outlined  in  the  papers  of  Branner,  Crandall,  and  Williams.  But 
between  the  Chapada  diamaniina  of  Bahia  and  the  diamond  fields  of 
Minas  Geraea  is  an  area  about  which  we  have  very  little  geologic  infor- 
mation, and  practically  none  that  would  enable  us  confidently  to  tie  to- 
gether with  the  necessary  structural  details  the  two  regions.  Certain 
facts,  however,  lend  strong  support  to  the  theory  that  the  diamond-bear- 
ing quartzites  of  the  Bahia  region  are  simply  the  northward  extension  of 
the  diamond-bearing  quartzites  of  Minas  that  are  exposed  and  known  to 
contain  diamonds  at  Grao  Mogol.    These  facts  are  here  brought  together. 

"O  problems  do  combnttlrel  mcloiial.    ttlo.  1916.  fls.  ilv. 
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It  bag  been  established  beyond  queetion  that  the  diamonds  and  car- 
bonadoB  found  in  the  Bahia  region  come  directly  from  the  false-bedded 
pink  quartzitea."  That  diamonds  are  found  in  the  quartzites  at  Grao 
Mogol  ie  equally  well  established."  That  the  qnartzites  of  Bahia  are  the 
same  as  those  at  Grao  Mogol  is  far  from  being  a  new  theory.  It  waa 
probably  first  brought  forward  by  Helmreichen,  whose  paper  was  written 
in  1843  and  published  in  1846,  Helmreichen'a  theory  waa  based  on  what 
he  saw  at  Grao  Mogol  and  on  what  he  heard  about  the  geologic  conditions 
in  Bahia."  But,  like  many  others,  he  supposed  the  quartzites  of  Grao 
Mogo!  were  the  old  Paleozoic  itacolumites  of  the  Ouro  Preto  region.  He 
adds  that  the  following  places  are  well  known  for  the  occurrence  of 
diamonds : 

1.  Burity  Quebrada,  on  the  eastern  spur  of  the  Serra  do  Grao  Mogol. 

2.  Cabeceiras  do  Corrego  da  On§a,  on  the  western  spur. 

3.  Corral  de  Pedra,  on  the  eastern  spur  of  the  Serra  do  Peixe  Bravo. 

4.  Serrinha  Nova,  between  Eio  Verde  and  Rio  Pardo. 

5.  Boqueirao  das  Barreiras,  western  spur  of  Serra  do  Salto. 

The  places  mentioned  are  all  on  or  near  the  watershed  that  runs  almost 
due  north  from  Grao  Mogol  toward  the  city  of  Caitet^,  in  the  State  of 
Bahia,  and  seem  to  tie  up  the  diamond-bearing  quartzites  of  Minas  with 
the  diamond-bearing  quartzites  of  the  Chapada  diamaiitina  west  of  Para- 
guassil,  Bahia. 

It  should  be  kept  in  mind,  in  dealing  with  the  geology  of  this  area, 
that  there  are  several  distinct  series  of  quartzites  thereabout  that  may 
readily  be  mistaken  one  for  the  other,  both  on  account  of  their  genera! 
resemblance  and  on  account  of  their  topographic  prominence. 

Economic  geology  of  (he.  Carboniferous. — The  economic  products  of 
the  Carboniferous  of  Brazil  are  limited  to  the  diamonds  and  carbonados 
of  Bahia  and  to  the  diamonds  of  that  part  of  northern  Minas  Geraes 
which  is  supposed  to  be  correlated  with  the  diamond- bearing  quartzites 
of  Bahia.  The  evidences  of  the  origin  of  the  diamonds  and  carbonados 
are  given  briefly  under  the  head  of  "Carboniferous"  and  under  the  State 
of  Bahia.    The  diamond -bearing  beds  are  not  all  equally  rich. 

"  O.  A.  Derbj  :  The  treologr  or  the  diamond  and  carbonado  vaabloga  ol  Bahia.  Eco- 
nomic Geology.  Tol,<.  XoTpmher-DecemlNT.  IftOS.  pp.  ia4-14a. 

J.  C.  Branner!  The  economic  ecoIdb7  of  the  diamond-bearing  bighlandi  of  Bahia. 
EnKlaeerlDS  and  MlalDg  Journal,  May,  1906,  pp.  ST,  081.  1031. 

Rndpric  Crandall :  Notes  on  (he  KPology  of  the  dlnmond  region  o(  Bahia,  Braill. 
Economie  fieoloKy.  May.  lOlO,  vol.  iIt.  pp.  22l>-2*4. 

"Virgil  V.  Helmreichen:  Oeognostlache  Verkommen  der  Dlamanten  ,  .  .  auf  it-r 
Serra  do  Qrio  Mogol.     Wlen.  184(1. 

B.  Gorceli :  Glsrment  de  dlamants  de  Qrfo  Moeol.  Bui.  8ac.  G^L  de  France,  vol. 
IH,  pp.  53H-545.     Paria.  1RR4. 

"  V.  von  llelmr'lchen :  GeognosHsche  Verkommen  der  Dtanunten,  etc,  pp.  Ca-A3 
Wlen,  1846.  • 
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The  opinion  prevails  in  the  diamond  region  of  Bahia  that  the  coarse 
(iinglomerates  yield  the  largest  diamonds  and  carbonados,  while  the  fine 
^rraiDe<l  sandstones  yield  only  small  ones. 

It  has  been  hoped  that  coal  might  be  found  associated  with  the  Upper 
Carboniferous  rocks  of  the  Amazonas  region,  but  thus  far  no  such  beds 
Itave  been  discovered,  and  the  fact  that  the  beds  known  are  of  marine 
origin  does  not  encourage  the  hope  of  coal  being  found  there. 

Limestone  is  common  in  the  Carboniferous  rocks  of  the  Amazonas 
region. 

PBRlfM.V 

General  observations. — The  Permian  is  par  excellence  the  Brazilian 
series;  rocks  of  Permian  age  cover  large  areas  in  Maranhao,  Piauhy, 
Cear^,  Bahia,  Goyaz,  Minas  Oeraes,  Sao  Paulo,  Parana,  Santa  Oatharina, 
Rio  Grande  do  Sul,  and  ^iatto  Groseo,  making  an  enormous  total.  Fos- 
sils from  the  Brazilian  Permian  are  described  hy  Unger,  Brongniart, 
Carnithers,  Cope,  Derby,  Lisboa,  MacGregor,  Osborn,  lienault,  Z.  II. 
Scott.  Seward,  Solms-Laubach,  David  White,  and  Woodward. 

The  division  of  the  Permian  into  Upper  and  Lower  Permian  on  the 
geological  map  is  based  on  what  appears  to  be  a  clearly  defined  and  easily 
recognized  distinction.  In  northern  Brazil,  Small  shows  a  well  marked 
unconformity  between  the  Upper  Permian,  which  is  exposed  over  most  of 
eastern  Piauhy,  and  the  Lower  Permian  in  the  Serra  Grande  that  lies 
along  the  boundary  between  Piauhy_and  Ccard.  The  only  uncertainty 
about  this  claasification — and  it  is  a  serious  one— is  that  the  Serra  Grande 
series  has  never  yielded  any  fossils,  and  its  reference  to  the  Lower  Per- 
mian is  therefore  in  doubt.  In  southern  Brazil  the  Upper  Permian  is 
characterized  by  the  fossils  Slereoslernum  and  Memsaitrus  and  by  sili- 
ceous beds  and  concretions,  while  the  Lower  Permian  contains  the  Olos- 
sopferis  flora,  the  coal  beds,  and  in  some  places  in  Siio  Paulo  and  Parand 
it  contains  well  marked  evidences  of  glaciation.  The  evidences  of  glacia- 
tion  are  best  described  by  Woodworth,  the  title  of  whose  book  is  given  in 
the  bibliographic  list  under  Sao  Paulo.  Thus  far,  unquestioned  evidences 
have  been  found  only  in  the  States  of  Santa  Catharina,  Parand,  and  SSo 
Paulo;  but  Dr.  Lisboa  found  in  Minas  Geraes  what  seem  to  be  evidences 
of  glaciation  in  the  region  between  Rio  Borrachudo  and  Rio  Abaete." 
In  Sao  Paulo  and  from  there  southward  the  Permian  beds  dip  gently 
westward,  while  characteristic  Permian  fossils,  notably  Sfprrostemum 
tiimidum,"  found  near  Villa  Rica,  Paraguay,  and  Productua  and  Spirifer 


'  M.  A.  R.  UilMM :  Tbv  oceomne*  nt  taretr4  ppbblpB  on  thp  central  platmo  ot  Braill. 

I.  Joar.  8c(..  JaDDirf.  ISOT.  vol.  iilll.  pp.  B-16. 

■  Freeh  Id  Leibea  Oeognoallca.  Th.  I,  2  Bd..  LIvF  3.  p.  400, 
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poslstriatus,  the  last  two  from  mountains  on  the  Matto  Grosso  frontier/^ 
lead  to  the  conclusion  that  the  Permian  probably  underlies  all  of  the 
FaranA  Valley  west  of  Parand  and  Santa  Catharina,  and  that  some  of 
the  limestones  of  sontbern  Ifatto  Grosso,  called  "Bodoquena"  by  Dr. 
Lisboa,  may  yet  prove  to  be  of  Permian  age. 

The  rocks  of  the  Permian  in  Brazil  seem  to  be  mostly  sandstones  and 
shales  slightly  disturbed,  but  they  include  extensive  beds  of  limestone — 
all  of  them  cut  here  and  there  by  eruptive  dikes.  In  Sao  Faulo,  Parani, 
and  Santa  Catharina  the  Lower  Permian  contains  glacial  till  with 
striated  boulders.  The  glaciated  Permian  beds  in  the  States  of  Sao 
Paulo  and  ParanA  are  described  by  Prof.  J.  B.  Woodworth,  to  whose 
paper  the  reader  is  referred.'*  The  base  of  the  Permian  is  fairly  well 
located  across  the  State  of  Sao  Paulo,  but  north  of  the  Sao  Paulo-Minas 
frontier  the  eastern  margin  of  the  series  has  been  tentatively  located  with 
difBculty  and  with  doubt.  The  evidence  of  the  northward  extension  of 
the  beds  recognized  in  Sao  Paulo  as  Permian  are  here  brought  together. 
It  is  assumed  that  the  faceted  boulders  found  by  Dr.  Lisboa  in  the  region 
between  Eio  Borrachudo  and  Rio  Abaet6  may  have  come  from  Lower 
Permian  glacial  beds,  as  he  suspected ;"  for  Dr.  Lisboa  distinctly  repu- 
diated the  idea  of  Pleistocene  glaciation  in  connection  with  these  boulders, 
and  that  the  region  in  which  the  faceted  pebbles  were  foimd  had  been 
glaciated  in  Permian  times  was  definitely  taken  into  consideration  by 
htm.  After  mentioning  the  Permian  deposits  of  southern  Brazil,  be 
adds:  • 

"But  In  the  central  r^on  in  tbe  great  barin  ot  the  upper  Sio  Frandsco 
they  (the  Permian  beds)  have  never  been  Identified.  Bo  far  ae  the  geology  of 
the  r^on  Is  known,  however,  there  Is  nothing  positively  against  this  hy- 
pothesis (of  Permian  glaciation).  and  any  undoubted  observation  that  eap- 
ports  It  will  be  of  great  geologic  Importance  for  this  country."  " 

Thus  Dr.  Lisboa  was  tbe  first  geologist  to  suspect  and  to  suggest  the 
full  meaning  of  the  Permian  data  in  the  State  of  Minas  Geraes. 

Additional  notes  by  Dr.  Francisco  de  Paulo  Oliveira  on  the  geology  of 
the  region  between  Pitanguy  and  the  lead  mines  of  Eibeirao  do  Chumbo, 
an  afBuent  of  Rio  Abaet4,  are  of  interest  in  this  connection  ;'^  at  page  48 
be  says : 

"  J.  V.  Slemlradskl :  OeotoE'^cbe  RelapbeotwcbtuDgea  In  SfldbrMlllen,  p.  3S. 

■■  J.  B.  Woodwortb  :  Geological  expedition  lo  Brazil  and  Chile.  Bal.  Hni.  Comp.  Zool., 
Tol.  iTl,  no.  1.     Cambridge,  Mass..  1912. 

i*M.  A.  R.  Llstioa:  The  occurreooe  of  faceted  pebbles  OD  the  ceatral  plateau  at  BraiU. 
Am.  Jour.  Bel.,  January,  1907,  vol.  iilll.  pp.  0-lfl. 

■>  Miguel  A.  R.  Lilaboa :  Occorrencla  de  selios  facetadoa  do  planalto  central  braill«lro. 
AnnaeB  da  Eacola  de  Mlnaa  de  Ouro  Preto,  no.  8,  pp.  26-39.     Ouro  Preto.  1906. 

■>  Franclaeo  de  Paula  Ollrelra :  EiploracHo  das  mlnaa  de  Ealeca  do  Blbelito  do 
Cbumbo.  Annaea  da  Escola  de  Minas  de  Ouro  Preto.  do,  1.  Rio  de  Janeiro.  1881,  pp. 
85-04. 
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"UiNMi  the  shales  rest  the  red  saudBtonee  like  ttaoae  near  Abaet^  on  the 
banks  of  the  Boirachado  and  the  Cbambo.  Tbey  belong  to  a  formatloD  above 
the  cOar  shales.  Between  the  serra  do  Capacete  and  the  banks  of  the  IndaU 
there  are  rolled  stones  on  the  ti^is  of  the  monntains  that  show  the  great 
action  of  water  in  this  part  of  the  province.  .  ■  .  finally,  Intercalated  with 
tbe  clay  shales  are  enormous  beds  of  limestone,  and  above  them  ferruginons 
conglomer&tes.  These  conglomerates  are  seen  neat  the  village  of  Dores  along 
ma<^  of  the  road  leading  from  the  village  of  Canno  to  tbe  town  of  Dores." 

The  conglomerates  and  water-worn  rocks  mentioned  by  Dr.  Oliveira 
are  in  the  region  in  which  Dr.  Lisboa  later  found  the  faceted  pebbles. 

Dr.  Antonio  Olyntho,  speaking  of  the  watershed  between  the  Abaet6 
and  the  Borrachndo,  mentions  "uma  argilla  branca  com  caphchosos 
arabescoe."  *■ 

In  connection  with  the  subject  of  Permian  glaciation  in  Minas  the  fol- 
lowing is  of  especial  interest :  The  French  geologist  Francis  de  Caatelnan, 
who  went  from  Pitanguy  to  Bom  Despacho,  in  the  State  of  Minas,  in 
January,  1844,  made  the  following  notes  on  the  geology:  After  leaving 
the  city  of  Pitangny,  he  crossed  the  Bio  Pari  and  passed  fazenda  Santa 
Cmz.    He  then  says :" 

"On  the  22d  we  made  three  leagues  in  the  same  direction.  The  formation 
is  clay  shale,  probably  resting  upon  gneiss.  One  league  from  Santa  Cmz 
(fasenda)  one  begins  to  And  scattered  about  a  great  quantity  of  granite 
blocks  that  look  like  erratics;  they  can  not  come  from  slides  ('d'eboulement') 
from  tbe  monntaln,  for  there  are  none  in  the  vicinity.  Never  having  seen  any- 
tblng  of  the  tdnd  in  the  whole  course  of  our  expedition,  It  la  only  with  doubt 
that  we  refer  the  rocks  in  question  to  such  an  origin;  It  ie  very  likely  that 
they  owe  their  ori^  to  some  local  phenomenon.  ,  .  ,  The  formation  in 
general  is  clay  shale  (schlste).  gray,  ochreous.  and  reddish,  dipping  to  the 
east,  but  half  way  between  Trlguelra  and  Bom  Despacho  the  ground  is  cov- 
ered by  a  sheet  (coul^)  of  rose-colored  granite  which  looks  like  a  kind  of 
syenite.  On  both  aides  of  the  road  one  sees  over  tbe  plain  a  considerable 
quantity  ot  granite  blocks  that  have  the  appearance  of  being  erratic.  The 
land  is  rather  flat  on  the  whole,  and  one  sees  these  blocks  on  the  steep  slopes 
right  away  up  to  the  hilltops." 

These  observations  by  Castelnau  must  be  regarded  as  especially  sug- 
gestive and  valuable  in  connection  with  the  subject  of  Permian  glaciation 
in  Minas.  A  little  farther  southwest,  on  the  road  between  Formiga  and 
Bambuhy,  Pohl  noted  rod  and  yellow  clays  and  clay  shales.** 

5tr.  H.  E.  Williams,  of  the  Servigo  Qeologico  do  Brasil,  in  a  private 
letter  dated  Angiist  26,  1918,  writes: 

"YlaKem  aoti  tarrenoi  dlamantlftroi  do  Aliaet4.  Adhsm  da  Escola  de  Mloaa,  no.  4. 
p.  141. 

=  Fnndi  de  Caatelnan ;  Expedition  dam  lei  parties  eentralei  de  rAmerlQue  da  Sad. 
Hl'-orlf  do  Vovaire.  toI.  1,  pp.  270-278.     rarlK.  IfSO. 

"  Job.  Em.  Fobt ;  Beytrtge  mr  Oeblrgskunde  Brail1l«DS.     Wlen.  1832. 
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"Mr,  Draper  tms  b«eD  up  about  Areedo.  an<1,  following  down  tbe  Plndafa^bas, 
he  and  Mr.  Pontic  found  an  exposure  of  conglomerate  four  or  five  meters  tMrft 
with  big  boulders  of  granite.  Draper  calls  It  the  Dwyka.  This  la  not  far  from 
where  I  found  a  small  exposure  of  the  same  nature  south  of  Areado.  I  bare 
word  of  similar  beds  of  conglomerate  on  the  north  side  of  the  Caboclo  abore 
the  Fabrlca  de  Ollveira." 

Mr.  F.  W.  Bunyan,  who  yisited  both  regionB,  telb  me  that  the  rocks 
exposed  at  the  junction  of  Rio  das  Velhas  and  Rio  Sao  Francisco  are 
remarkably  like  the  Permian  till  beds  at  Itarar^  and  Faixina,  in  southern 
Sao  Paulo."  This  observation  was  made  without  any  suggestion  or  ques- 
tion by  me.  Upon  receiving  this  information  in  regard  to  a  particular 
locality,  I  looked  up  the  notes  of  other  observers  made  at  that  place  with 
the  following  results : 

Dr.  Theodore  Sampaio,  who  visited  this  place  in  1879,  says  he  found 
on  the  sides  of  the  Serra  de  Manga  "um  schisto  avermelhado  que  aqui 
parece  constituir  o  embasamento  do  planalto  e  muito  seixo  rolado." '" 

At  Jequitahy,  a  village  nine  leagues  east  of  the  mouth  of  Rio  das 
Vethas,  Derby  found  "a  pudding-stone  containing  well  worn  boulders  of 
quartz,  jasper,  gneiss,  quartzite,  and  amorphous  limestone,  some  of  them 
of  great  size."  *' 

At  tbe  mouth  of  Rio  dae  Vclhas,  James  W.  Wells,  an  English  engineer, 
observed  "a  sheet  of  unstratitied  clay,  interspersed  with  pebbles  and 
boulders  overlying  the  rock  in  places.  .  .  .  The  boulders  are  usually 
masses  of  a  kind  of  greenstone  .  .  .  and  they  are  entirely  foreign  to 
the  rocks  they  often  rest  upon."  ** 

The  demarcation  between  the  Lower  and  the  ITpper  Permian  seems  to 
be  well  defined  in  the  State  of  Sao  Paulo,  but  north  of  there,  for  lack  of 
fossils,  no  separation  can  be  made  save  on  the  hypothesis  that  the  same 
division  probably  continues  northward  into  Minas.  A  comparison  of  the 
order  of  the  beds  as  given  for  the  rocks  by  Dr.  Oliveira  in  the  article 
cited  above"  shows  the  presence  of  a  bituminous  shale  that  brings  to  mind 
the  Iraty  bituminous  shale  so  characteristic  of  the  base  of  the  Upper 
Permian  in  Sao  Paulo  and  Paran^.    The  order  of  the  rocks  as  given  by 


"Lpltpr  of  December  19.  11117. 

"  "O  Rio  6e  Sfto  FrsnElsco  e  B  Chspada  DlmaBnttaa,"  p.  60. 

"  O.  A.  Derby  :  ReconhecEmenlo  gtologico  de  Valle  da  Sflo  Franclsca.  p.  B  do  iiiD«xo 
Rt>  Rflatorlo  de  «".  Jlllnor  Roberla  .  .  .  Bobre  o  einme  do  Rio  ^a  Francisco.  Rio  Oc 
Janeiro.  18Sn. 

AIRO  In  the  Arcblvos  do  Mimeu  National,  to].  It.  p.  IflS. 

«,I,  W,  Wells:  Three  IhouBand  miles  through  Brnzll.  vol,  11,  p.  873,     IjouioD,  1886. 

^Aonaes  da  fCscola  da  Mlnaa.  do.  1,  p.  93. 
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5.  Ferruginous  cooglomerateB  and  sandstones. 

4,  Clay  shales. 

3.  Bituminous  shales. 

2.  Limestones. 

I.  Shales  at  the  base. 

Unfortunately  he  does  not  tell  where  this  bituminous  shale  was  seen, 
A  bitouiiiious  shale  is  also  reported  by  Dr.  Lisboa  in  Maranhao. 

These  notes  and  observations  are  all  extremely  interesting  and  sug- 
gestive, and  it  is  hoped  that  the  evidences  of  gkciation  and  of  the  Per- 
mian age  of  the  beds  in  question  may  soon  be  examined  and  definitely 
settled  by  a  geologist  thoroughly  familiar  with  glacial  phenomena. 

The  evidences  of  the  structural  relations  of  the  great  limestone  beds 
of  the  upper  Bio  das  Velhas  to  the  Permian  beds  to  the  west  of  them  are 
not  abundant,  but  they  seem  to  be  conclusive.    Eschwege,  whose  obser- 


vations and  judgment  must  be  accepted  in  all  seriousness,  gives  two  sec- 
tions in  which  he  shows  the  relative  position  of  the  rocks  of  the  Kio  das 
Velhas  and  of  those  at  the  lead  mines  of  Abaete  west  of  Rio  Sao  Fran- 
cisco. These  two  sections  are  here  reproduced,*"  and  attention  ia  directed 
to  his  clear  conviction  that  the  limestones  on  both  sides  of  the  Siio  Fran- 
cisco underlie  or  form  parts  of  the  Permian  beds.  Whether  the  lime- 
stones and  his  transition  ("Uebergangsthonschiefer'')  and  other  shales 
really  make  part  of  the  Permian  is  a  question  that  can  not  be  settled  at 
present.  Eschwege "s  own  views  seem  to  be  expressed  in  a  footnote  at  page 
488  of  hie  Beitrage  zur  Gebirgskunde.    He  there  says : 

"One  muHt  also  not  forget  tbe  wi(]e.sprea(]  distribution  of  the  trannttlonal 
areas  of  clay  sbales  and  limestones  In  tbe  provloce  of  Mlnas  GeraeH,  In  tbe 


.   L-   von   EKbirege :  BeltrHge  a 


■  GeblrgskiiDde  BrailUeaB. 
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From  this  it  is  inferred  that  he  means  to  correlate  the  clay  shales  and 
limestones  of  the  upper  Sao  Francisco  with  what  we  now  know  to  be  the 
Permian  beds  of  Sao  Paulo. 

Qerber  leaves  no  doubt  about  his  views  in  regard  to  hia  "transition 
formations,"  for  he  says :" 

"The  greater  part  of  Dorthwestem  Mlnaa,  the  basins  of  ttae  Rio  S3o  Frttn- 
dBco  and  Rio  das  Velhas  from  Lagoa.  Santa  belong  to  tbie  (transition)  di- 
vision, whose  principal  representative  Is  the  tranmatlc  shale.  The  beds  ot 
this  formation  are  almost  entirely  horizontal,  and  at  divers  places  there  are 
interbedded  wltb  tliem  limestones  whose  general  masses  are  spherical  Tbe 
probably  means  lenticnlar],  and  exhibit  horiwintal  stratlflcatloii." 

Though  Lund  spent  many  years  at  Lagoa  Santa,  in  Minas,  near  the 
base  of  the  Permian,  the  only  expression  of  hia  that  seems  to  relate  to  this 
subject  is  where  he  speaks  of  a  hill  at  whose  south  base  were  great  quanti- 
ties of  limestone  blocks.    He  adds : 

"I  mention  this  case,  hy  the  waj,  only  because  it  corresponds  with  many 
otbera  that  I  Iiave  seen,  and  because  it  shows  tliat  a  great  inundation  that  cot- 
ered  this  part  of  Brazil  with  its  last  layer  of  earth,  and  that  dislocated  enor- 
mous rock  fragments,  had  a  north-south  direction  In  these  regions."  " 

In  regard  to  the  rocks  of  the  Serra  do  Maquin^,  which  is  on  the  left  side 
of  Rio  das  Yelhas,  some  thirtj'  kilometers  south  of  Cnrrdho,  he  says  that 
"at  the  base  of  the  mountain  one  finds  the  same  rock  as  on  the  surround- 
ing plain — transition  clay  shales  alternating  with  siliceous  shales  dipping 
eastward  ten  degrees  (page  63).  The  limestone  in  which  Maquin*  cave 
occurs  "alternates  with  beds  of  clay  or  silicepus  shales  with  gypsum  crys- 
tals.   These  (shale)  beds  are  generally  not  so  thick  as  the  limestones."  ** 

Owing  to  his  exploration  of  the  Rio  das  Velhas,  the  observations  of  Em. 
Liais  on  the  geology  along  that  stream  are  worthy  of  especial  attention. 
He  says  :'* 

"Mais  si  malntenant,  en  descendant  la  valine  du  Sau-Frandsco,  nous  accom- 
pagDons  ces  calcairea  &  partlr  de  ceus  qui  se  trouvent  alnsl  dans  1e  haut  de  son 
bassln  entre  I'Aba^thf  et  le  Rio  das  Telhas,  nous  les  verrons  se  presenter  d'une 
manlSre  Identlijue  quant  fi  leur  structure,  leur  aspect,  leor  grottes,  leura  puis- 
sance et  leur  distribution  dans  toute  I'eitenston  du  cours  du  fleuve,  et  lis  y 
forment  comme  une  espfce  d'horlzon  gtelogique  tr&s  facile  ii  solvre  et  ft  accom- 

"  HeDrique  Oerber ;  Nocmb  geograpblcas  e  admlnlBtntlTU  <]■  provtneta  d«  Iflnaa 
Ger«eB.    n^lnipreaaSo  da  la  ed.  de  18B3.    Hannover.  1874.  p.  IB. 

"  P.  W.  Land ;  Grutaa  calcarcts.  etc.  Aonnel  da  Eacola  de  HIdis,  do.  4,  p.  12.  Rio 
de  .TaDi>lro.  ISSS. 

™  r.  W.  Lund :  Aaoaei  da  Escola  de  HloaB,  no.  3.  pp.  63-64.    Rto  de  Janelra.  1SS4. 

"  EmmaDuel  tJaii :  Cllmats.  sAilosle.  fauna,  etc.,  du  BrAII.    Parla,  IST2,  p.  179. 
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pawner.  Conatamment,  ooob  retrooTeroiiB  ces  memes  calcalres  des  deux  cOMs 
de  la  vallte  du  San-Francisco,  et  Us  apparaissent  sonvent  &  la  bas  d'mie 
d^pOt  de  grte  et  de  schlste  argllenx  ft  couches  presqne  IiorlKontales.  qui  repose 
snr  euz  et  dans  leqnel  la  d^nudAtlon  a  crensA  le  baasln  dn  fleuve  et  de  ses 
ftlllueats." 

Xotes  made  bj  Dr.  Antonio  Olyntho  at  Lapa  do  Chnmbo,  five  kilo- 
meterB  southwest  of  Seto  Lagoaa  and  close  to  the  margin  of  the  Per- 
mian,'' tell  of  "nm  veeiro  de  quartzo  encaizotado  entre  camadas  de 
schisto,  tudo  iDt«rcalado  em  uma  montanha  ealcarea,"  and  "As  camadas 
de  schieto  t€m  para  cima  a  altura  de  3  a  4  metros,  e  acima  d'elles  v@m  a 


montanha  ealcarea."      These  exposures  leave  no  doubt  about  the  shales 
and  the  limestone  being  interbedded. 

This  interbedding  of  the  shales  and  limestones  is  noted  by  all  the  geol- 
ogists who  have  crossed  the  basin  of  the  upper  Rio  Sao  Francisco,  espe- 
cially on  rios  Indaia,  Borrachudo,  Abaete,  and  on  the  Sao  Francisco." 
Particularly  impressive  and  enlightening  are  the  section  given  by  Clans- 
sen,  which  ia  here  reproduced,*'  and  his  observations  and  conclnsions  in 


■AolODlo  Olyntho  doi  8«nto 

Plrea:  Vlagem  ton  terreoos  dlamantll 

ADUt.  d.  E«colm  de  Mlna>,  do. 

,  pp.  14S,  14fl.     Bla  de  Janeiro,  188G. 

-  See  LUboa.  OIlTelrm.  Antonl 

Olyntho.  and  CliUMen. 

"  P.  ClkQutD  :  Kote.  ffoloslq 

es  sur  ht  prOTlnce  de  Mlna*  OcTMi.     B 

de  BnueUci.  vol.  vlll.  no.  C,  pi. 

,  BruMels,  1841. 
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regard  to  the  Permian  beds,  which  he  called  the  "terrain  de  transition" 
(page  7). 

Claussen's  aection  represents  the  geologj'  right  across  the  Permian 
basin,  including  the  whole  region  between  Serra  do  Capacete  and  the 
Serra  do  Barro  Vermelho.  Of  the  "terrain  de  tranaition"  he  says 
(page  7) : 

"Le  terrain  mlcareux  de  transition  eet  compost  de  concbea  a  peu  prea  hori- 
zontales  de  phyllades  argileux.  petroslllceux  et  macfgnos."  Giles  contlennent, 
ep^dalement  dana  leuni  assises  Inferieurs,  des  concbes  pulssaotes  de  calcalrc 
nolr  et  gris.  PresQue  toutes  les  In^gallt^  de  ee  terrain  sont  dues  aux  effets  de 
la  denudation,  et  cela  doune  um  asivect  tout  pnrttmiller  au  pays,  en  formant  de 
grands  plateaux  sur  des  montagues  cotoy^es  de  terrasses.  .  .  .  Ce  terralD 
constltue  &  peu  pr$s  le  tiers  dn  sol  de  la  province  de  mlnas  Geraes.'' 

And  it  should  he  remembered  that  Claussen  lived  in  Uinas  eome  twenty 
years  (page  1),  and  that  he  traveled  widely,  while  his  paper  showed  that 
he  was  a  careful  and  discriminating  geologist. 

On  the  east  side  of  the  Eio  Sao  Francisco  these  limestones  and  inter- 
bedded  shales,  here  referred  to  the  Permian,  extend  from  Santa  Luzia  in 
Minas  northward  to  about  50  kilometers  north  of  14  degrees  south  lati- 
tude— that  is,  to  a  point  about  75  kilometers  northeast  of  the  city  of 
Carinhanha.  On  the  west  side  of  the  Sao  Francisco  the  limestones  end  a 
few  kilometers  north  of  Carinhanha." 

General  conclusions, — The  Permian  beds  have  been  definitely  deter- 
mined from  fossils,  and  traced  out  strati  graphically  from  the  southern 
part  of  Eio  Grande  do  Sul  to  the  northern  part  of  Sao  Paulo.  Xorth  of 
Sao  Paulo  the  base  of  the  series  has  been  approximately  located  from  the 
notes  of  geologists  as  far  as  14  degrees  south  latitude  on  Rio  Sao  Fran- 
cisco, while  in  the  Chapada  diamantina  east  of  the  Rio  Sao  Francifm 
rocks  believed  to  belong  to  the  Permian  have  l>een  located  by  the  writiT 
and  his  assistants,  Crandall  and  Williams,  over  the  region  between  12 
and  14  degrees  south  latitude. 

In  the  southern  states  several  divisions  have  been  recognized  locally. 
hut  two  divisions  are  readily  identified  by  the  fossils  Stereostemum  and 
Meso.*tiurus  and  by  the  flint  I)eds  found  in  the  upper,  and  by  the  Glon- 
sopleris  flora  and  the  glacial  beds  found  in  the  lower  division.  In  north- 
ern Brazil  the  upper  division  is  characterized  by  the  fossils  Psaronim 
and  Si^jillaivi.  hut  no  fossils  have  yet  been  found  in  northern  Brazil  in 
what  are  referred  tentatively  to  the  I»wer  Permian. 

■"  Mactgno  ts  defliii^  by  Llttr#  as  n  rork  compnsrd  at  iguirti.  mlo.  clay  and  Iron 
bard^DMl  by  a  caloarmus  cpinpnt.  VKannvn  y  tMrn  uys  It  la  a  turd  saDdatODf  o! 
fpldspnr.  mlrn.  crmpnlrd  liy  b  siliceous  marl,  somptlmra  gn^D.  sometlnm'  black. 

"  It  shnuM  Iw  noipd  that  llip  pprmlan  llmeslonea  do  Dot  coDDKt  wltb  thos*  at  JUico 
JpsUB  da  l.ap«.     Th?  Bom  Jpiub  eiposurp  Is  cnllrpLj-  lsola1<^ 


jiGooi^le 


8TBATIGRAPHIC   GEOLOGY  219 

The  Permian  rocks  are  sandstones,  clay  shales,  and  limestones  cut  at 
msnT  places  by  eruptive  dikes.  For  the  most  part  they  are  approxi- 
mately  horizontal,  and  they  eeera  to  be  of  land  or  fresh-water  origin, 
though  what  are  supposed  to  be  brackish  water  fossils  have  been  found  in 
them  at  Rancho  Grande  and  Lageadinho,  on  Bio  Ca^ador  near  the  old 
Irsty  colony,  and  Mojolinho  and  at  several  other  places,  all  of  them  in 
the  State  of  ParanS." 

Topographically  the  upiwr  Permian  beds  form  vast  stretches  of  table 
isnds  that  are  deeply  eroded  by  streams  and  supporting  a  sparse  vege- 
tal jod. 

Though  fossils  have  been  found  in  the  Permian  in  the  north  and  south 
of  Brazil,  none  has  yet  been  identified  from  the  great  area  covered  by 
ihp,ie  rocks  in  the  State  of  Minas  Geraes.  The  fact  that  poorly  presen-ed 
but  imrecogntzable  fossils  are  reported  from  this  region  by  bntli  ClausBcn 
and  Liais  leads  to  the  reasonable  hope  that  a  careful  search  for  them  may 
yet  be  rewarded  with  unquestionable  evidence  of  the  age  of  the  deposits 
and  of  the  conditions  under  wliicli  they  were  laid  down. 

Prior  to  1840  Claussen  found  the  impression  of  a  univalve  shell  in 
fandstone  in  the  region  of  the  upper  Rio  Ahaete,  but  he  was  unable  to 
identify  it,  and  it  was  deposited  by  him  in  the  National  Jluseum  at  Eio 
de  Janeiro."  Liais  alsp  reports  fossils  in  this  region,  and  as  hia  account 
of  them  is  the  fullest  and  almost  the  only  one  we  have,  it  is  given  here  at 
wme  length.** 

"\  fbort  distance  fmm  Pitangut  and  near  Abbadle  I  bave  neen  nodular  and 
MlumlDous  MmestoneH  with  undeterminable  traces  of  fonslls,  amoni;  which  I 
wuld  distinguish  small  lenticular  bodies  from  two  to  three  mllUmeteni  In 
diameter,  which  seemed  to  me  to  belong  to  the  foramlnlfera,  Hlthough  the 
alteration  prevents  my  b«lDg  able  to  say  so  definitely.  Near  I.apa  dos  TTmbu^. 
"D  the  right  side  of  the  Rio  das  Velhas.  a  short  dl»itance  below  the  eonfluetice 
at  tlie  Parailna.  I  have  seen  a  marble  wltb  a  white  ground,  the  beds  standing 
OD  n\6  and  cut  by  reddlsb  and  gray  veins.  On  polishing  pieces  of  this  marble 
I  lutTe  recognized  fragments  of  univalve  shells,  but  quite  undeterminable.  In 
■nother  bituminous  limestone  of  the  same  horizon  I  hare  found  traces  of 
rlrrlped  cmstacea  more  recognizable  and  belonging  to  the  genus  Palticipe*. 
vhlrh  Indicates  a  marine  origin  for  these  limestones  and  places  them  In  the 
^wijudary  epoch. 

Tn  the  mnciffnot,  on  the  Iwrders  of  Rio  AbaetS,  other  fossils  are  found 
which  also  show  the  formation  In  qnestlon  to  be  marine.  There  are  Impres- 
sionR  of  the  genus  0»lrpa.    M.  Ctaussen  has  already  mentioned  them,  and  In 


-KomMo  it  P«iiIo  OllvHra:  r,Ml..«lH  do  Ei.todo  do  Tarani,   pp 

,    1.10-1:11.      Rio   dp 

Intln.  into. 

"  P,  Cltuwn  :  Xote.  g*olo»lqueB  sur  la  provlnm  de  Alloaa  Gerae 

9.      Bui.  ae  I'Acad. 

Rorile  de  BruiFlle*.  vol.  vlll.  no.  n.  p.  n.    BniwllM.  1S4I. 

-Emoiano*!  Llals :  Cllmatn.  (r<h>H.el».  Pit.,  du  Brrtll.  pp.  M7-148. 

P*rla.  1872. 
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wj  trip  on  tbe  upper  S&o  FnuiclBco  I  have  seen  an  Impreaalon  of  an  oyster  of 
good  size  (d'assez  grande  talUe)  and  remarkable  not  only  for  the  t-hinimwui  of 
Its  sbell,  but  also  for  the  great  prominence  of  tbe  spire,  wblcb  places  It  doee 
to  the  grypheaa.  I  shall  give  this  species  the  name  Oitrea  a&tetfeentw  from 
tbe  name  of  tbe  river  baaia  in  which  I  found  It.  At  tbe  same  place  I  noted  a 
great  number  of  impressions  of  the  same  species. 

"In  the  macigno  Bandstones  I  have  likewise  seen  less  well  preserved  Impres- 
sions of  divers  polyps  and  fragments  of  undeterminable  univalve  shello  of 
considerable  size.    ... 

"Eveiything  shows,  tberefore,  that  the  metamorphlc  limestones  of  the  prov- 
ince of  Minae  Oer'aea  and  belonging  to  the  stage  of  which  we  speak  are  not 
older  than  the  Cretaceous." 

Mr.  Derby,  in  referring  to  these  statements,  erpressea  the  opinion  that 
Mr,  Liais  erred  in  the  identification  of  the  fossils." 

Whether  Liais  erred  or  not,  his  notes  and  those  of  Clanseen  clearly 
point  out  the  region  in  which  fossils  may  be  sought  and  to  which  6eld 
geologists  should  give  their  careful  attention.  If  Liais  is  correct  in  the 
identification  of  bis  fossils,  there  is  an  area  of  Cretaceous  rocks  in  the  . 
region  where  he  found  them,  but  it  does  not  necessarily  follow  that  tliero 
are  no  Permian  beds  beneath  them. 

Economic  geology  of  the  Permian. — The  coal  beds  of  ParanA,  Santa 
Catharina,  and  Rio  Grande  do  Sul  are  among  the  important  economic 
products  of  the  Permian  in  Brazil.  Here,  too,  belong  the  Iraty  bitami- 
nous  shales  of  the  southern  states.  The  Permian  limestones  are  wide- 
spread and  are  likely  to  be  a  sonree  of  national  iraporfance  for  the  manu- 
facture of  Portland  cement. 

It  seems  quite  possible  that  some  of  the  important  occurrences  of 
diamonds  in  Brazil  are  in  the  glacial  beds  at  the  base  of  the  Permian. 


The  Triassic  rocks,  so  far  as  they  have  been  recognized  in  Brazil,  arc 
known  as  the  BotucatA,  a  name  given  them  by  Gonzaga  de  Campos  for 
the  Serra  de  Botucah'i,  in  the  State  of  Sao  Paulo.  They  are  soft  reddish 
sandstones,  usually  horizontal,  but  more  or  less  faulted,  and  associated 
with  sheets  and  dikes  of  diabase  eruptives.  These  beds  attain  a  maximum 
thickness  of  500  meters  or  more,  but  averaging  from  100  to  300  meters. 
They  cover  large  areas  in  the  States  of  Sflo  Paulo,  Paranfi,  Santa  Cath- 
arina, Rio  Grande  do  Sul,  Matto  Groaso,  and  Goyaz,  and  probably  also  in 
Piauhy  and  Maranhao. 

The  only  fossils  thus  far  reported  from  the  Triassic  of  Brazil  were 

"  Reconheclitiento  geolofrico  d 
do  ■noeio  so  Relatorlo  lie  W.  M 
1880. 
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ioxmA  near  Santa  Maria  da  Bocca  do  Monte,  in  the  State  of  Rio  Qrande 
do  Sul,  and  at  Sao  Jos^  do  Rio  Preto,  in  Sao  Paulo.  (See  Smith  Wood- 
ward and  R.  Von  Ihering.) 

VRBTACEOVB 

General  observations. — FosBiliferous  Cretaceous  beda  are  found  in  a 
narrow  belt  along  the  coast  of  Parahyba,  Pemambuco,  Sergipe,  and 
Bahia.  In  the  States  of  Sao  Paulo,  Faranfi,  Santa  Oatbarina,  Rio  Grande 
do  Sul,  and  in  southern  Matto  Gtobso  Lower  Cretaceous  beds  (named 
Bauru  by  Qonzaga  de  Campos)  cap  the  bills  and  cover  large  areas.  The 
only  fossils  found  in  the  Baurii  beds  soggeet  that  they  correspond  to  the 
ffealden  of  Europe,  (See  Pacheco.)  In  the  Serra  do  Araripe,  along 
the  southern  frontier  of  CeaHt,  Cretaceous  beds  contain  well  preserved 
fossil  fishes.  The  rocks  in  the  Serra  do  Araripe  are  nearly  horizontal 
sandstones  and  limestones  that  extend  into  the  adjacent  States.  (See 
Jordan  and  Branner.) 

The  areas  in  Matto  Grosso  colored  as  Cretaceous  on  the  map — the 
Farecis  sandstones — are  not  yet  certainly  known  to  be  such,  for  no  Cre- 
taceous fossils  have  been  found  in  them.  The  views  of  Euzebio  de  Faulo 
Oliveira  are  followed.** 

The  foUowing  authors  have  written  on  the  Cretaceous  of  Brazil : 


Agasulz 

Hyatt 

Oliveira.  K  (Matto  Grosso) 

Alport 

Jordan 

Ratbbun 

Brsoner 

Loriol 

White.  C.  A. 

Gabrlllac 

Mareh 

Wllliston 

Cope 

Mawfion 

Woodward 

Donvllie 

Morris 

Economic  geology  of  the  Cretaceous. — In  the  State  of  Sergipe  Creta- 
ceous limestones  are  abundant  and  are  available  both  for  building  stones 
and  for  the  manufacture  of  lime  and  of  Portland  cement. 

In  the  Cbapada  do  Araripe  the  Cretaceous  contains  important  beds  of 
limestone.  Limestones  of  local  importance  also  occur  in  the  Cretaceous 
of  Pemambuco  and  Parahyba. 

TERTUR7 

General  observations. — Beds  of  Tertiary  age  occur  in  Acre,  where  they 
are  fresh-water  or  land  deposits.  In  Amazonas  fossils  show  some  of  the 
Tertiary  beds  to  be  brackish  water  deposits.  In  Parfi,  Maranhno,  and 
Rio  Grande  do  Norte  fossils  show  the  Tertiary  deposite  to  be  of  marine 


:a  OroBBO  por  EaieMa  Pmalo  St  OUvtln, 

[. 

XVI— Bru..  Gkou  Soc.  Am..  Vot.  30,  1918 
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origin,  and  it  ia  assumed  that  the  corresponding  eediinente  fonning  a 
similar  belt  in  Geari  are  also  marine.  Marine  foesile  have  been  found 
also  in  the  Tertiar;  beds  in  Parahyba,  PemambQco,  Alagoas,  and  Bahia, 
and  it  ie  supposed  that  some  of  the  coastal  sediments  in  Sergipe,  E^irito 
Santo,  Bio  de  Janeiro,  and  along  the  coast  to  the  sonth  are  likewise  Ter- 
tiary. In  Bio  de  Janeiro,  Sao  Paulo,  and  Minas  are  extensive  Tertiary 
lake  deposits,  and  near  Onri^anguinhaB,  Bahia,  lake  deposita  overlie  the 
marine  Cretaceous. 

The  Tertiary  fossils  have  been  described  by — 


Alport 

Jenkins 

Rftthbnn 

Arnold 

Jordan 

Relnhardt 

Oonrad 

Jonea 

von  I&erlng 

Cope 

Erasser 

Warming 

DaU 

Lacerda 

White.  C.  A. 

Ethridge 

Lund 

Wlnge 

Gabb 

Lutken 

Woodward 

Gervals 

Morris 

Gtirlch 

Economic  geology  of  tke  Tertiary. — In  the  coastal  belt  from  Bahia 
northward  the  Tertiary  sediments  are  liable  to  be  of  value  at  many  places 
ae  sources  of  underground  water.  At  several  places  in  the  States  of  Bahia 
and  Alagoas  the  Tertiary  beds  include  bituminous  shales  that  may  even- 
tually be  of  economic  importance.  In  Minas  and  Sao  Paulo  the  Tertiary 
lake  deposits  also  contain  lignites  and  bituminous  shales.  These  shales 
were  formerly  used  at  Taubat^  for  the  manufacture  of  gas.  Clays  for 
the  manufacture  of  bricks,  tiles,  sewer  pipes,  and  common  pottery  are 
abundant  in  the  Tertiary.    See  also  under  Amazonas. 

Petrography 

Under  the  head  of  petrography  nothing  need  be  said  of  the  old  writers 
'trhose  geologic  classifications  were  based  on  lithology.  All  of  the  early 
writers  on  Brazilian  geology  need  terms  that  have  long  been  discarded. 
Most  of  the  modem  work  on  this  branch  of  geology  was  done  by  Hnssak, 
whose  papers  are  given  under  the  States  of  Minas,  Sao  Paulo,  Rio  de 
Janeiro,  and  Goyaz.  Following  are  the  modem  petrographers  who  hare 
written  on  Brazilian  rocks: 


Bauer,  H.  B. 

Hovey 

Derby 

Hussak 

Gill  (Fernando  de  Noronha) 

Iddlngs 

Gorcels 

Kemp 

Graeff 

Laeme 

Gumbel  (Fernando  de  Noronba) 

Macbado 
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Herriil,  G.  P.    {Rio  Grande  do  Std, 

SanU  CathaiinB,  and  ParanA)  Turner  (Pemambnco) 

Prior  (Trtndade)  Waahlngton  (Bahla) 

Btlman  Williams,  G.  H.  (Fernando  de  No- 
Benand  ronha) 

RMIer  Wright 

OCTLINES  OF  TnE  OENEEAL  AUD  ECONOUIC  GeOLOGT  AITD  BiBLIOOKAPHT 

BT  States 

QMNBRAL  OBBBRVATIOS8 

In  the  text  the  etatea  are  arranged  alphabetically. 
Those  who  have  occasion  to  use  the  geologic  map  of  Brazil  are  also 
liable  to  haTe  occasion  to  use  what  haa  been  published  on  the  geology  of 
llie  individual  Btatee  or  of  other  limited  areaB.    For  that  reason  there  ia 
given  a  partial  bibliography  of  the  geology  of  each  of  the  atatea. 

Under  each  state  is  given  a  brief  outline  of  ita  general  geology,  and 
this  outline  is  followed  by  a  short  statement  of  what  ia  known  of  ita  eoo- 
nomic  geology.  If  the  information  given  ia  often  very  meager,  it  is  be- 
csDge  only  meager  information  is  available. 

In  the  bibliographic  liats  the  titles  are  arranged  alphabetically  by 
mthoTS. 

All  the  papers  referring  to  the  geology  of  the  various  states  are  not 
given  in  the  state  lists  for  the  reason  that  many  of  them  are  merely  repe- 
ritiona,  in  one  form  or  another,  and  treat  of  the  geology  only  at  second 
or  third  hand.  The  idea  of  giving  the  titles  at  all  is  partly  to  show  tiie 
anthoritiea  for  some  of  the  data  used  in  the  geological  map  of  Brazil  and 
partly  to  enable  thoae  who  wish  to  conanlt  the  original  authorities  to  find 
them  readily  and  to  obtain  fuller  information  if  it  should  be  required. 

If  additional  titles  are  wanted,  most  of  them  can  be  found  in  the 
author's  bibliography  of  the  geology  of  Brazil,  publiahed  in  the  Bulletin 
of  the  Geological  Society  of  America,  volume  80,  pages  1-132,  1909.  It 
should  be  remembered,  however,  that  many  valuable  papers  have  appeared 
since  that  list  was  publiahed.  Unfortunately,  many  of  the  contributions 
to  the  geology  of  Brazil  have  appeared  only  in  the  daily  papers  in  Bio  de 
Janeiro  and  are  therefore  difficult  of  access  to  persona  outside  of  that  city. 
The  island  of  Fernando  de  Noronha  is  politically  a  part  of  the  State 
of  Pemambuco,  and  for  that  reason  the  titles  referring  to  that  island  are 
included  in  the  State  of  Pemambuco  and  are  followed  by  the  word  (Fer- 
nando) in  parentheses,  except  when  the  title  makes  clear  its  relation  to 
that  island. 
The  Brazilian  island  of  Trindade,  in  latitude  80°  30'  south,  29°  25' 
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west,  belongs  to  the  Federal  TTnion,  and  tbe  few  titles  relating  to  that 
island  are  given  nnder  Rio  de  Janeiro,  in  which  the  federal  district  is 
also  located. 

ACBB 

Previous  investigations. — Onr  knowledge  of  the  geology  of  the  terri- 
tory of  Acre  is  derived  almost  exclusively  from  the  notes  of  William 
Cbandless,  given  in  his  account  of  explorations  of  the  upper  Pums  and 
the  Aquiry.  A  little  sidelight  may  be  had  on  the  geology  from  the  notes 
of  Evans,  Church,  Keller,  and  Euzebio  de  Oliveira  on  the  geology  of  the 
falls  of  the  Madeira  River.  An  important  contribution  is  the  discussion 
by  Giirich  of  the  age  of  the  deposits  along  the  upper  reaches  of  the  Punis. 
Those  beds  had  been  referred  by  Agaaeiz  to  the  Cretaceous,  but  Giirich 
shovs  conclusively  that  they  are  late  Tertiary. 

Oeneral  geology. — With  the  possible  exception  of  the  foothills  in  the 
western  and  southwestern  parte  of  the  territory,  its  entire  area  is  covered 
by  late  Tertiary  deposits — mostly  undisturbed  sands  and  clays  through 
vhich  wind  sluggish  streams.  The  entire  area  is  covered  by  dense  forestf 
and  there  are  no  roads.  The  population  is  sparsfe  and  all  travel  is  by 
water. 

There  is  no  doubt  about  there  being  wide  zones  of  alluvial  deposits 
along  the  larger  streams,  bat  there  is  very  littie  or  no  available  informa- 
tion on  the  subject. 

In  the  southwestern  comer  of  the  territory  the  frontier  seems  to  be  in 
the  foothills  of  the  Andes,  bat  nothing  is  known  of  the  ages  of  those 
rocks,  and  that  area  is  therefore  left  blank  on  the  map. 

Economic  geology. — Nothing  trustworthy  has  been  published  on  the 
mineral  resources  of  Acre  territory.  Gold  has  been  reported  from  some 
of  the  streams  heading  in  the  hilly  regions  in  the  west  and  southwest. 

Bibliography  of  the  Geology  of  Acre 

W.  Cka\dlebs:  Asoent  of  the  River  Pums.    Journal  of  the  Roral  Geograpb- 

Ical  Society,'  volume  XXXVI.  pages  86-118.    Loudon,  1866. 
W.  Cha\m£sh  :  Notes  on  the  River  Aquiry,  the  principal  aiflnent  of  the  Rlvu 

Purua.    Journal  of  the  Royal  Geographical  Sodety,  volume  XXXVI,  pages 

119-128.    London,  1806.   Abstract  in  Proceedings  of  the  ROyal  Ge<%raphleal 

Society,  volume  XI.  1866-7,  pages  100-102. 
W.  Chandless:  Apoutameuto  sobre  o  Rio  Aquiry.  affloente  do  Rio  Pnms. 

Aunexo   (lettra  n)  ao  Relatorio  do  Mlnistro  de  Agrieultura,  etc..  pagea 

1-6.    Rio  de  Janeiro,  1S66. 
W.  Chandlesb  :  Notes  of  a  Journey  up  the  River  Jumft.    Journal  of  tbe  Roy*l 

Geographical  Socipty.  volume  XXXIX.  pages  2S6^11.     Loudon,  1868. 
Oeobob  Rabl  Crubch  :  The  route  to  Bolivia  via  tbe  River  Amaaon.    8°,  SIS 

pages.     London.   1877. 
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J.  W.  EVARB :  Tbe  rocks  of  tbe  cataracts  of  the  Blver  OCadelra,  etc.    Quarterly 

Jonmal  of  the  Geological  Sode^,  volume  LXII,  pages  SS-124.    London, 

1906. 
G.  OUbich  :  GrrpoBuchus  Jeasel,  eln  nenes  schmalacbnau  zlges  Krokodll  aus 

den,  etc.    Jahrbncb  der  Hamburglscben  Wissenacbatten  Anstalten,  volume 

XXIX,  IBll.  pagefl  D»-71.    Hambnrg,  1912. 
F^tfz  Keujx  :  Tbe  Amazon  and  Madeira  rivers.    Sketches  and  descriptions 

from  tbe  note-book  of  an  explorer.    By  Franz  Keller,  engineer.    4°,  xvl  -(' 

177  pages.    New  York.  1874.    Notes  on  the  geology. 
I'^uzEBio  Paulo  de  Ouveiba  :  Gxpedlcfio  Sclentlflca  Roosevelt-Rondon.    Annexo 

I,  Geologla.    Rlo  de  JaBelro,  1915.     <Bstrada  de  Ferro  Madelra-Mamor4, 

paglnas  61-66.) 


Previous  investigations. — Very  little  has  been  published  on  tbe  geology 
of  the  State  of  Alagoas.  Of  the  three  papers  by  Branner  tbe  moat  com- 
prehensiTe  ie  the  one  on  the  geology  of  the  coast  of  the  State,  published 
in  the  Annals  of  the  Carnegie  Mnseum.  The  paper  by  D.  S.  Jordan  on 
the  fossil  fishes  from  Riacho  Doce  definitely  determined  the  Eocene  age 
of  the  coastal  sediments  of  that  state  for  the  first  time.  Branner's.  paper 
on  the  oil-bearing  shales  of  the  coast  includes  about  all  that  is  known  of 
the  Tertiary  of  the  state.  A  few  notes  in  Hartt's  Physical  Geography 
and  Geology  of  Brazil,  and  a  few  by  Burlamaqui  on  the  shales  at  Cama- 
ragibe,  together  with  the  papers  above  mentioned,  contain  all  that  has 
been  published  on  the  geology  of  Alagoas. 

The  geology  as  given  on  the  author's  map  of  Brazil  is  taken  almost  ex- 
clusively from  his  own  personal  observations,  supplemented  by  the  notes 
of  his  assistant,  Roderic  Crandall,  who  crossed  the  state  from  Penedo  to 
Maceio  in  1908. 

General  geology. — Archean  rocks  are  exposed  over  the  greater  part  of 
the  ioterior  of  the  State  of  Alagoas.  Tertiary  sediments  form  the  sea- 
eoast,  while  between  is  a  triangular  area  of  old  Paleozoic  and  Permian 
beds.  Starting  at  Traipd,  on  the  Rio  Sao  Francisco,  the  eastern  margin 
of  the  Archean  area  runs  in  a  northeasterly  direction  past  the  northern 
end  of  Lagoa  Mangnaba,  .\lbuquerque,  Passo,  and  Porto  Calvo,  and  so 
on  into  the  State  of  Pemambuco  near  Barreiros.  To  the  north  and  west 
of  this  line  everything  is  Archean  except  some  isolated  hills  of  sedimen- 
tary rocks  near  the  falls  of  Paulo  Affonso. 

Lapping  back  against  this  Archean  area  is  a  series  of  Paleozoic  rocks 
of  unknown  age.  This  series  is  exposed  where  it  is  cut  across  by  the  Rio 
Sao  Francisco  from  near  Traipii  to  southeast  of  the  town  of  Collegio. 
The  contact  of  the  sedimentary  beds  with  the  granite  seems  to  be  at  Tal- 
hado  near  Traipu."    This  Paleozoic  area  forms  an  acute  triangle  whose 

"B.  F.  BnrtOD ;  EiploratloDS,  etc,  vol.  11.  p.  423.     London,  1S6{I. 
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eaetem  eztremi^  ie  probably  near  the  oortb  end  of  Lagoa  Mangnaba. 
Besting  back  againat  these  Paleozoic  rocks  is  another  wedge-shaped  area 
of  red  PermiaD  sandstones  and  shales  which  crop  out  at  the  cit;  of 
Penedo,  on  the  Rio  Sao  Francisco,  and  dip  gently  toward  the  ocean. 

Along  the  railway  between  Piranhas  and  the  falls  of  Paulo  Affonso  are 
several  ontliers  of  sedimentary  rocks  that  are  here  tentatively  referred  to 
the  Permian.  These  outliers  cap  the  hills  on  both  sides  of  the  railway 
and  extend  to  the  northeast  as  far  as  Buique,  in  the  State  of  Pemam- 


EUimma  branneri  Jordan 


EUimma  riaceticis  Jordan  ' 

FiOCBB  4. — Eocene  Fiihm  from  Ihe  bItumlnoMi  Shale*  at  Rlorho  Dure.  Btate  of  Alaaoai 

buco.  Along  the  entire  Alagoas  coast  Tertiary  sediments  form  a  series 
of  bluffs  that  reach  a  height  of  100  meters  above  the  sea.  The  rocks  are 
mostly  soft  sandstones  and  clays,  in  some  places  false-bedded,  everwherc 
particolored,  usually  horizontal,  but  at  many  places  showing  a  landward 
dip.  The  upper  part  of  these  bluffs  are  probably  Pliocene,  but  fossil 
fishes  found  in  the  lower  shales  at  Riaeho  Doce  and  at  other  places  on  the 
immediate  coast  are  Eocene. 
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The  remains  of  extinct  Pleistocene  vertebrate  ftnimals  are  frequently 
found  in  old  marelies  where  excavations  are  made  for  watering  places  for 
cattle. 

Economic  geology. — Onr  present  knowledge  of  the  economic  geology 
of  the  state  is  confined  to  the  limestones  found  in  the  Archean  area  of 
tie  interior,  the  bituminous  shales  of  the  coast,  and  the  atmctural  fea- 
tures favoring  the  finding  of  water  in  the  area  of  the  coast  sediments. 

Crystalline  limestone  or  marble  is  known  at  Ipueiras  between  Que- 
bragnlo  and  Falmeira  dos  Indios  (Dombr£  38),  at  or  near  Colonia  Leo- 
poldina  (Galvao),  and  on  the  road  between  Sanf  Anna  and  A^as  Bellas. 
It  probably  exists  at  many  other  places  in  the  Archean  area  of  the  state. 
Most  of  the  lime  used  in  Alagoas  is  made  from  corals  taken  from  the 
reefs  along  the  coast. 

Coal  has  been  reported  from  the  vicinity  of  Paulo  Affonso,  but  its 
existence,  either  there  or  elsewhere  in  the  state,  ts  doubtful. 

The  bituminous  shales  are  confined  to  the  coastal  belt  of  Tertiary  sedi- 
ments. These  shales  are  known  here  and  there  along  the  coast  from  Bica 
da  Pedra,  just  east  of  the  city  of  Alagoaa,  to  Rio  Perainunga,  at  the  Per- 
nambuco  frontier.  It  is  quite  probable  that  they  continue  southward 
nearly  to  the  mouth  of  Rio  Sao  Francisco,  but  they  have  not  yet  been 
reported  from  that  region.  No  attempt  has  been  made  to  utilize  these 
shales,  though  a  report  was  made  on  them  many  years  ago.  (See  Red- 
wood and  Topley  and  Branner.) 

The  area  of  Tertiary  sediments  is  one  in  which  water  may  reasonably 
be  eip^ted — possibly  artesian  water  in  some  places. 

Three-fourths  of  the  state  lies  in  the  region  of  the  Brazilian  complex — 
granites,  gneisses,  and  crystalline  schists — in  which  many  minerals  of 
value  are  likely  to  be  found. 

Geologic  Map  of  Alagoas 

John  C.  Branner,  1910. — But  one  attempt  baa  been  made  at  a  geolog- 
ical map  of  Alagoas ;  that  is  by  J.  C.  Branner  and  was  pnblished  in  con- 
nection with  an  article,  "The  geology  of  the  coast  of  the  State  of  Alagoas, 
Brazil,"  which  appeared  in  volume  VII,  number  1,  of  the  Annals  of  the 
Carnegie  Museum  in  1910.  The  map  forms  plate  II  of  that  paper.  It  is 
on  a  scale  of  1  to  1,238,095 ;  it  shows  only  the  eastern  part  of  the  State, 
Only  four  divisions  of  the  geologic  column  are  attempted ;  old  crystalline. 
Paleozoic,  Estancia,  and  Tertiary.  The  Estancia  beds  are  there  called 
Trias  with  a  question.  Later  studies  show  the  Estancia  beds  to  be  Per- 
mian— some  of  them  at  least. 
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AUAZOSAB 

Previous  invextigaiions. — The  map  of  the  State  of  Amazonas  is  chiefly 
from  the  slieeta  published  by  the  Inspectoria  Federal  das  Estradas,  under 
Dr.  Joee  Gstacio  de  Lima  Brandao,  in  1913.  The  streams  in  the  south- 
eastern part  of  the  State,  especially  the  Gy-ParanA,  Theodore,  the  Tapa- 
jos,  and  part  of  the  Madeira,  are  from  the  map  accompanying  the  lecturea 
by  Colonel  Candido  M.  de  Silva  Rondon,  published  at  Rio  de  Janeiro  in 
1916. 
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Our  knowledge  of  the  geology  of  the  State  of  Amazonae  is  of  the  frag- 
mentary kind  fotmd  in  the  notes  of  travelers  along  the  Amazon,  the  Rio 
Negro,  and  the  Madeira  rivers  and  a  few  other  of  the  large  tribntarieB. 
Explorations  in  the  region  have  been  confined  abnBst  excliwively  to  trips 
made  along  the  navigable  streams,  for  there  are  very  few  roads  in  that 
State.  The  geology  as  shown  along  the  extreme  northern  part  of  the  map 
is  taken  from  Brown  and  Sawkins'  geological  map  of  British  Guiana  and 
from  the  notes  of  Roderic  Crandall,  who  lived  for  some  time  at  Boa  Vista, 
on  Rio  Braneo. 

A  good  r^nm^  of  the  geology  and  physical  features  is  given  by  Her- 
bert H,  Smith  as  an  appendix  to  his  "Brazil,  the  Amazons  and  the  Coast" 
{pages  619-635,  New  York,  1879).  Bates'  "The  Naturalist  on  the  Ama- 
zon" is  a  classic,  though  it  does  not  contain  much  on  the  geology.  Of  the 
titles  given  below,  the  following  relate  to  paleontology :  Boettger,  Brown, 
Clarke,  Conrad,  Ethridge,  Gabb,  Gervaia,  Gtirich,  and  Woodward. 

General  geologj/.—There  are  two  large  areas  of  Archean  rocks  in  the 
State  of  Amazonae,  one  on  the  north  side,  the  other  on  the  south  side  of 
the  Amazon  River.  A  great  synclinal  fold,  beginning  somewhere  in  the 
■State  of  Para,  runs  along  the  axis  of  the  Amazon  Valley  at  least  as  far  as 
Manaus,  and  in  this  basin  are  sedimentary  rocks  of  Silurian,  Devonian, 
and  Carboniferous  age,  all  of  them  dipping  gently  toward  the  axis  of  the 
valley. 

The  Silurian  rocks  are  marine  sediments,  mostly  thin-bedded  sand- 
stones, the  equivalent  of  the  Niagara  of  North  America.  On  the  Rio 
Trombetas  they  are  best  exposed  at  the  first  and  second  falls,  in  zones 
from  six  to  eight  kilometers  wide.  They  are  estimated  to  have  a  thick- 
ness of  about  three  hundred  meters. 

The  Devonian  rocks  of  the  state  are  coarse  white  and  yellow  sandstones 
and  black  and  reddish  shales,  all  of  them  dipping  southward  at  an  angle 
of  five  degrees.     They  have  a  total  thickness  of  about  two  hundred  meters. 

The  Carboniferous  beds  are  exposed  on  the  Jamunda  and  Uatuma  on 
the  north  side  of  the  Amazon  and  on  Rio  Abacaxis  on  the  south  side, 
They  are  shales,  sandstones,  and  limestones,  the  last  named  containing 
marine  fossils.  The  total  thickness  of  the  Carboniferous  beds  is  about 
six  hundred  meters. 

In  1918  the  federal  government  of  Brazil  had  a  well  put  down  in  the 
Carboniferous  beds  on  the  headwaters  of  Rio  Maues  between  Tapajos  and 
the  Canuma.  It  passed  through  limestones,  shales,  and  sandstones,  and 
reached  a  depth  of  292  meters.  To  a  depth  of  217  meters  several  of  the 
limestone  beds  contained  marine  Carboniferous  fossils. 

These  Paleozoic  rocks,  however,  are  known  only  in  the  eastern  end  of 
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the  State  of  Amazcoias ;  they  are  not  certainly  known  weat  of  58  d^i;rees 
longitude  on  the  aoath  Bide  of  the  ?alley  or  west  of  60  degrees  on  the 
north  side.  Farther  west  the  Paleozoic  beds  ate  concealed  by  the  soft 
Tertiary  and  Quaternary  deposits  that  cover  thousands  of  square  miles 
and  extend  westward  to  and  beyond  the  Peruvian  frontier.  Here  and 
there  the  Archean  and  Paleozoic  beds  are  cut  by  dikes  of  eruptive  rocks, 
but  nowhere  in  the  Amazonae  region  are  the  dikes  known  to  pass  through 
Cretaceous  or  Tertiary  beds. 

Of  the  area  about  the  headwaters  of  the  Bio  Brauco  but  little  is  known 
beyond  what  is  to  be  had  from  the  reports  of  Brown  and  Sawkins  on  the 
adjoining  parts  of  British  Gniana.  The  areas  colored  as  questionable 
Cretaceous  are  merely  areas  of  sandstone  resting  on  the  Archean.  The 
rocks  have  as  yet  furnished  no  fossils. 

Of  the  area  between  Rio  Negro  and  the  Amazon  but  little  is  known, 
further  than  that  it  is  a  flat,  forest-covered  region  of  sluggish  streams. 
The  country  of  the  western  end  of  the  state  is  represented  as  Pliocene 
chiefly  on  account  of  the  determinations  of  fossils  by  Ethridge,  (See 
bibliography  below.)  The  rocks  are  mostly  incoherent  sands  and  clays. 
The  Miocene  area,  however,  embraces  large  tracts  that  should  properly 
be  shown  as  alluvial  deposits  along  the  streams.  Our  knowledge  of  the 
limits  of  such  areas  is  too  fragmentary  to  allow  them  to  be  shown  on  the 
map. 

Economic  geology. — Gold  is  said  to  be  found  about  the  headwaters  of 
some  of  the  rivers  of  the  State  of  Amazonas,  but  there  is  no  systematic 
mining  of  any  kind.  Limestone  is  abundant  in  the  Carboniferous  rocks 
exposed  along  the  rios  Paranary  and  Amana  and  probably  also  on  the 
Abacaxis.  Similar  deposits  on  the  JamundJk  and  TTatuma  probably  con- 
tain limestones.  Good  clays  for  the  manufacture  of  bricks,  tiles,  and  the 
common  ceramic  ware  used  in  the  region  are  abundant,  and  the  Archean 
region  along  the  upper  Rio  Negro  and  Rio  Branco  furnishes  unlimited 
supplies  of  excellent  granite  for  building  stones. 

Lignite  has  long  been  known  in  the  western  part  of  the  State  of  Ama- 
j-onas.  It  occurs  in  the  fresh-water  Tertiary  beds  about  Tabatinga  on  the 
upper  SolimSes,  Javary,  and  I^,  and  it  probably  has  a  wide,  but  uneven. 
distribtition  over  an  enormous  area  along  the  Peruviau  frontier.  Analyses 
show  it  to  contain  about  33  per  cent  of  fixed  carbon,  about  39  per  cent 
of  volatile  hydrocarbon,  and  15  per  cent  of  ash. 

Geologic  Maps  of  Amazonas 

C.  Barrington  Brown,  1879. — The  paper  by  C.  Barrington  Brown,  '*on 
the  ancient  river  deposits  of  the  Amazon,"  published  in  the  Quarterlv 


JyCOC^IC 


OENBRAL  AHD   ECONOMIC   OEOI.OQY  231 

Journal  of  the  Geological  Society  of  London,  volume  35,  1879,  contains 
a  Bmall  scale  map  (plate  38)  showing  the  disttibutioa  of  recent  alluTium 
and  the  old  river  deposits  of  the  region  between  the  Brazilian  and  Pera- 
rian  frontier  and  the  mouth  of  the  Amazon,  while  the  character  of  the 
rocks  in  the  adjoining  areas  are  given  and  the  ages  of  some  of  them  are 
stated. 

H,  Karsten,  1886. — The  geological  sketch  accompanying  Karsten's 
"Geologie  de  I'ancienne  Colombie  bolivariennej  Venezuela,  Nouvelle- 
Granade  et  Ecuador,  Berlin,  1886,"  represents  the  geology  of  the  State 
of  Amazonas  west  of  Manaus.  The  map  is  on  a  scale  of  1  to  about  7,418,- 
000,  and  only  two  geologic  divisions  are  shown  in  the  Brazilian  area, 
namely,  plutonic  and  Tertiary  and  Quaternary — the  last  two  in  one  color. 
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Pravious  mvestigations. — The  base  map  of  the  State  of  Bahia  has  been 
prepared  partly  from  the  original  map  of  Branner,  Crandall,  and  Wil- 
liams, partly  from  the  maps  of  Dr.  Theodoro  Sampaio,  and  partly  from 
those  of  the  Inspectoria  de  Obras  Contra  as  Seccas  made  under  the  direc- 
tion of  Dr.  M.  A.  R.  Lisboa. 

The  geology  of  Bahia  as  given  oq  the  map  has  been  prepared  chiefly 
from  the  author's  own  observations  and  notes,  supplemented  by  the  notes 
of  bis  assistants,  Boderic  Crandall  and  Horace  G.  Williams.  The  notes 
on  the  geolc^  made  by  Dr.  Theodoro  Sampaio  on  a  trip  from  Oarandah; 
to  Bahia  form  a  valuable  contribution  to  our  knowledge,  while  the  notes 
of  Sir  Bichard  Burton  and  of  Half  eld  on  the  geology  along  the  Bio  Sao 
Francisco,  though  fragmentary,  have  been  very  helpfuL  The  region 
north  of  Bio  Sao  Francisco  was  crossed  by  George  Gardner  and  by  J.  W, 
WellB,  who  give  useful  notes  on  the  geology. 

The  coast  region  is  described  by  Bathbun  on  Itaparica,  by  Qonzaga  de 
Campos  on  Marahli,  by  Branner  on  the  whole  coast,  while  the  fossils  are 
described  by  Jones,  Krasser,  C.  A.  White,  and  A.  Smith  Woodward. 

The  great  Bemdigo  meteorite  found  in  the  interior  of  Sahta  and  re-, 
moved  to  Bio  de  Janeiro  in  1868  is  described  by  Carralho,  Daubr^,  and 
Derby. 

General  geology. — The  geology  of  the  State  of  Bahia  is  remarkably 
varied  and  interesting.    The  rocks  of  the  Brazilian  complex — the  Archean 

FlODil  S. — Secllon  tl 


granites,  gneisses,  and  schists — are  exposed  over  large  areas;  into  these 
oldest  rocks  have  been  faulted  and  folded  here  and  there  an  old  series  of 
quartzites  and  other  metamorphosed  rocks  that  appear  in  the  topography 
as  isolated  peaks  and  ridges,  usually  with  their  beds  standing  on  end  or 
at  high  angles.  These  rocks  are  shown  on  the  map  as  early  Paleozoic, 
and  are  typified  in  Bahia  by  the  Scrra  de  Jacobina,  Serra  de  Angico,.Bni] 
by  the  long  isolated  ridges  nf  quartzite  west  of  Rio  Sao  Francisco  between 
Barra  and  TTrubii.  No  paleontologic  evidence  of  the  age  of  these  beds 
has  yet  been  found. 

Extending  along  the  east  side  of  the  Bio  Siio  Francisco  from  near 
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Joazeiro  to  the  southern  end  of  the  State  of  Bahia,  and  extending  into 
Minas  beyond,  is  a  moontainous  and  billy  region  averaging  200  kilo- 
metera  in  width,  moetly  of  Paleozoic  sediments  folded,  faulted,  and  de- 
nuded. They  are  made  up  chiefly  of  hard  quartzitic  sandstoneB,  shales, 
and  slates  coyerad  here  and  there  by  limestones.    The  geologic  ages  of 


these  rocks  are  not  certainly  known;  for,  with  the  exception  of  certain 
limestones  to  be  mentioned  later,  not  one  of  them  has  yet  yielded  recog- 
nizable foeails. 

The  lowest  rocks  of  this  group,  the  Tombador  beds,  have  been  referred 
tentatively  to  the  Silurian.  These  lowest  of  the  sedimentary  rocks  form 
the  escarpment  of  the  Tombador  range  west  of  Jacobina,  the  cap  rock  of 


Tbt  crMta  are  ot  Tombador  qiurtilte ;  the  slope*  and  plalni  a 


'  ot  old  crretalllue 


the  Serra  do  Mulato,  Serra  da  Cruz,  Serra  do  Encaibro,  Serra  de  Macau- 
bas,  and  Serra  Geral  on  Rio  Sao  Francisco,  and  they  generally  underlie 
the  later  rocks  of  the  diamond  mining  regions  of  the  State  of  Bahia. 

The  limestones  at  Bom  Jesus  da  Lapa  on  Rio  Sao  Francisco  have  been 
referred  by  Derby  to  the  Silurian  on  the'evidence  of  the  fossils  Favosites 


SwB  fkt^  Brsicd 


and  Chetetes  found  there.  This  determination,  however,  is  not  to  be 
regarded  as  final,  for  both  of  these  fossils  occur  also  in  the  Devonian,  and 
the  Chetetes  is  even  found  in  the  Carboniferous. 

Next  above  the  Tombador  beds  is  a  series  of  slaty  shales  well  exposed 
in  the  Almas  Valley,  and  called  the  "Caboclo  shales"  for  the  Caboclo  peak 


)vGoo<^lc 


itdO         J.  C.  BRAKNER — OUTLINES  OF  THE  OBOLOOY  OF  BRAZIL 

on  the  east  side  of  the  Almas  Valley.  These  shales  have  been  referred  to 
the  Devonian,  but  without  paleontologic  evidence. 

Seating  on  the  Caboclo  shales  are  the  Lavras  quartzites  and  sandstones 
from  which  the  diamonds  and  carbonados  are  obtained  in  the  State  of 
Bahia.  These  quartzites  and  sandstones  are  sometimes  yellowish  brown, 
white,  or  gray,  but  they  are  more  frequently  pinkish  and  are  almost  every- 
where strongly  false-bedded.  Over  most  of  the  area  they  are  folded,  and 
in  some  places  they  are  much  faulted.  They  are  represented  on  the  map 
as  doubtful  Carboniferous,  for  here  again  no  paleontologic  evidence  has 
yet  been  found  of  their  age. 

The  Lavras  beds  have  a  total  thickness  of  two  hundred  to  two  hundred 
and  fifty  meters  near  Lengoes.    (Crandall.) 

I  am  of  the  opinion  that  the  Lavras  quartzites  of  Bahia  are  to  be  corre- 
lated with  the  diamond-bearing  quartzites  of  Grao  Mogol,  in  the  State  of 
Minaa  Geraes.  Unfortunately  the  structural  connection  between  the  two 
regions  has  never  been  worked  out.    See  also  page  265. 

Overlying  the  diamond-bearing  quartzites  of  the  Chapada  diamantina 
is  a  series  of  limestones  with  interbedded  shales  that  I  have  hitherto  re- 
ferred with  doubt  to  the  Jurassic  and  Triassic.**  The  accumulated  evi- 
dence leads  me  to  conclude  that  the  limestones  called  by  me  the  Salitre 
are  simply  the  northward  extension  of  the  Lower  Permian  limestones  of 
the  Rio  das  Velhas,  Rio  Verde,  and  of  the  upper  Rio  Sao  Francisco. 

The  maximum  thickness  of  these  limestones  in  Bahia  is  not  known, 
but  it  is  at  least  100  meters.  They  are  mostly  horizontal  and  thin  bedded, 
but  in  some  places  they  are  highly  folded.  It  is  not  at  all  improbable 
that  there  are  limestones  in  the  Chapada  diamantina  older  than  the  Per- 
mian, but  data  for  distinguishing  them  are  entirely  lacking  at  present. 

At  Jacii,  a  few  kilometers  east  of  the  town  of  Aracy,  which  is  40  kilo- 
meters north  of  Serrinha,  a  station  on  the  Bahia  Sao  Francisco  Railway. 
fossils  of  Permian  age  have  been  found  in  dark  gray  shales.     Permian 


PiocttB  B. — Section  from  the  Archean  near  Ararv  to  the  Tertiary  Tabte-landi  to  the  Bail 

fossils  have  also  been  found  12  kilometers  south  of  the  town  of  Bom 
Conselho,  in  eastern  Bahia.  The  Permian  beds  at  these  two  places  nnder- 
lie  the  tablelands  that  form  the  belt  shown  on  the  map  as  Cretaceous  and 

••  Am.  Jour.  ScE..  vol.  ml.  p.  4S1.     But.  Owl.  Boc.  Amer.,  toI.  22.  p.  186. 
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Tertiary  and  which  extends  from  the  vicinity  of  the  city  of  Bahia  to  and 
ieroes  tiie  Rio  Sao  Francisco  above  the  falls  of  Paulo  Affoneo.  The  Per- 
mian rocks  have  not  been  recognized  as  such  elsewhere  throughout  this 
entire  zone,  but  it  is  assutned  that  they  are  continuous,  and  they  are  so 
repiwented  on  the  map.  Nowhere  else  in  Bahia  have  the  Permian  rocks 
been  certainly  recognized. 

In  the  S^tre  Valley  and  over  wide  areas  in  the  country  north  of 
Uvraa  the  map  shows  limestones  which  are  referred  doubtfully  to  the 
Permian.  These  limestones  have  yielded  no  fossils,  with  the  possible 
eiception  of  some  algte  that  have  thus  far  bafBed  all  attempts  at  deter- 
mination. The  age  of  the  beds  U  therefore  in  doubt.  In  some  places 
th^y  seem  to  rest  unconfonnably  against  the  diamond-bearing  quartzites 
referred  to  the  Carboniferous.  It  is  not  at  all  clear,  however,  that  these 
iimestonee  are  all  of  the  same  geologic  age. 

Cretaceous  rocks  are  exposed  at  many  places  about  the  Bay  of  Bahia, 
im  the  east  side  of  the  island  of  Itaparica,  at  Marahfi,  and  at  many  places 
through  the  zone  of  sedimentary  rocks  that  extends  from  Bahia  north- 
ward to  near  Jatobd,  on  the  Rio  Sao  Francisco.  At  Marahd  and  about 
tlie  Bay  of  Todos  os  Santos  fossils  have  been  found,  and  there  is  no  ques- 
tion about  the  age  of  certain  rocks.  All  of  the  sedimentary  rocks  there- 
about are  not  Cretaceous,  however,  as  seems  to  be  inferred  occasionally, 
for  there  are  at  many  places  remnants  of  the  Tertiary  beds,  most  of  which 
hare  been  completely  removed  by  denudation.  On  the  island  of  Itaparica 
Dr.  Rathbun  recognized  Tertiary  beds  on  the  west  side  of  the  island ;  at 
Monserrate,  in  the  suburbs  of  Bahia,  brackish  water  fossils  are  foimd 
that  are  certainly  Tertiary,*'  and  in  some  of  the  railway  cuts  northwest 
<•(  Alagoinhas  Tertiary  plant  remains  are  abundant  in  sediments  overly- 
ing nnconformably  the  Cretaceous  beds*'  at  kilometer  2fi-j-. 

Any  one  who  undertakes  geologic  or  paleontologic  work  in  the  vicinity 
of  the  Bay  of  Bahia  should  not  fail  to  read  the  paper  by  Joseph  Mawson 
pablished  in  the  Geological  Magazine  of  August,  1913,  pages  Z^6-3S1. 
Mr.  Mawson  lived  at  Bahia  many  years,  and  it  is  to  him  that  we  owe  the 
valuable  collections  of  Cretaceous  vertebrate  remains  described  by  Dr. 
A.  Smith  Woodward. 

Along  the  coast,  both  north  and  south  of  Bahia,  is  a  narrow  belt  of 
Tertiary  sediments  that  lap  back  over  the  older  formations.  This  belt  is 
■'ut  through  here  and  there  by  the  drainage,  and  where  the  sea  has  under- 
■■ut  the  beds  they  form  the  particolored  cliffs  that  characterize  this  part 

"8»  Ch«».  A.  Whlte'n  ConirlbutlonB  to  the  Faleontolocj  of  Brazil.  ArchlTos  do 
Vnta  NieloDal,  tII.  p.  ESS. 

"F.  Krasser:  K.  tod.  EttIng«luias«D'B  Stadltn  nbcT  die  foBBlte  flora  tod  Ourlcaosa  In 
BrailllcD.    8tti.  der  K.  Akad.  d.  Wlga.     WUd.,  nil.  1603, 
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of  the  Brazilian  coast.  The  Tertiary  beds  are  mostly  horizontal  sanilii 
aud  clays. 

Ill  some  parts  of  the  interior  of  Bahia  ant-hills  of  enormous  size  cover 
the  surface  of  the  ground  so  completely  that  they  seriously  interfere  with 
its  cultivation  and  produce  a  peculiar  and  striking  minor  topography. 

Economic  ffeology.— The  minerals  and  rocks  of  economic  importance 
in  the  State  of  Bahia  are  gold,  diamonds,  carbonados,  amethysts,  mona- 
zitc  sands,  manganese,  bituminous  shales,  marbles,  limestones,  and  pot- 
tery clays.    These  materials  have  all  been  worked  in  Bahia  except  possibly 


From  a  pbalufrapfa  try 

the  marbles.  Bituminous  shales  were  worked  at  TtlarahA  for  a  whilt?,  hut 
the  enterprise  was  soon  abandoned.  There  are,  however,  other  mineral 
lesources  in  tJie  state  that  have  not  yet  been  developed;  such  are  iron. 
considerable  bodies  of  which  occur  below  Chique-Chique ;  copper,  found 
at  Carahyba;  mica,  talc,  graphite,  grindstones,  whetstones.  Xitrato  of 
]jotas]i  and  salt  are  found  in  tJie  interior  of  the  state,  but  the  nitraU' 
occurs  only  as  cave  deposits,  while  the  salt  is  manufactured  by  leachin;: 
the  surface  earth  from  dry  lake  beds,  mostly  in  or  near  the  limestone 
I'.reas.  The  Hmestonos  and  clays  so  abundant  in  the  state  might  be  ust"! 
for  the  manufacture  of  Portland  cement,  but  they  have  never  bei-n 
utilized. 

Those  who  seek  information  in  regard  to  the  geology  of  the  diamonil 
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and  carbonado  regions  should  conatUt  the  papers  of  Braimer,  Derby, 
Crandall,  Furniss,  Glorceix,  and  Oliveira, 

The  mon&zite  sands  are  described  in  a  resume  by  Dr.  Caloguraa  in  his 
"Minas  do  Brasil  e  sua  legisla^ao,"  pages  44T-477.  Other  writers  on 
monazite  sands  are  Derby,  Gorceix,  Praguer,  and  Britto.  Tlie  manganese 
deposits  are  spoken  of  by  Branner  and  are  mentioned  under  "]tIonazite" 
above. 

Oeologic  Maps  of  Bahia 

Pissis,  1842. — In  "his  Memoire  sur  la  position  geologique  des  terrains 
de  la  partie  australe  du  Brasil,  par  M.  A.  Pissis,  published  by  the  Acad- 
emy of  Sciences  at  Paris  in  1842,  the  accompanying  geologic  map  in- 
cludes the  geology  of  the  southern  part  of  the  State  of  Bahia.  Four 
divisions  of  the  "terrain  primitif"  are  Shown.  The  map  Bhows  evidences 
of  some  work  at  and  south  of  the  Bay  of  Bahia. 

Branner,  Crandall,  and  Williams,  1908. — A  map  showing  the  geologj' 
of  that  part  of  the  State  of  Baliia  lying  south  of  Rio  Sao  Francisco,  east 
of  west  longitude  43°  and  north  of  latitude  12°  30'  was  published  by  the 
Inspectoria  de  Obras  Contra  as  Seccas  in  1908,  under  the  title  "Mappa 
de  parte  dos  estados  da  Bahia,  Pernamhuco  e  Piauhy  e  dos  estados  de 
Sergipe  e  Alagoas  por  J.  C.  Branner,  R.  Crandall,  e  H.  E.  Williams." 
It  was  originally  prepared  for  the  Servi^o  flcologico  e  Slineralogico  do 
Brasil,  but  it  was  only  issued  as  stated  above.  It  is  on  a  scale  of  1  to 
2,000,000  and  shows  sis  geologic  subdivisions:  crystallines,  Jacohina 
series,  Tombador  series,  Lavras  series,  Salitre  series,  and  recent  Tertiary 
and  Cretaceous — the  last  three  in  one  color.  This  map  is  not  accompa- 
nied by  any  text. 

Branner,  1909.— A  short  article  by  Branner  on  "the  diamond-liearing 
highlands  of  Bahia,"  published  in  the  Engineering  and  Mining  Journal, 
New  York,  May  15  ant!  S2, 1909,  was  accompanied  by  a  geological  sketch- 
map  of  the  region  between  the  city  of  Bahia  and  Chique-Chique,  on  the 
Hio  Sao  Francisco.  The  scale  was  1  to  3,030.303  and  four  geologic 
divisions  were  shown,  namely:  crystalline,  Lavras,  Salitre  limestone. 
Cretaceous  and  Tertiary — the  last  two  as  one.  Tlie  geology  on  that  map 
w&n  based  almost  exclusively  on  observations  made  by  the  author  and  his 
assistants. 

Soper,  1914. — In  1914  the  eastern  part  of  the  State  of  Bahia  was 
shown  on  a  map  accompanying  the  report  of  R.  H.  .Soper  to  the  Inspec- 
toria de  Ohras  Contra  as  Seccas.  This  was  publication  number  .34  of  the 
Inspectoria,  and  has  the  title  "Geologia  e  supjirimento  d'agua  subter- 
ronea  em  Sergipe  e  no  nordeste  da  Bahia."    The  map  is  on  a  scale  of  1 
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to  1,000,000  and  four  subdivisions  of  the  geologj'  are  shown,  namely: 
pre-Cambrian,  Paleozoic,  Permian  (?),  Cretaceous,  and  Tertiary — the 
last  two  combined. 
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norte  da  Bahia.    I'ublloacilo  n.  .14  da  Inspectorla  de  ObraK  contra  as 
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Phil,  von  Slartlus.    4°.  volume  II.  iuiec«  594-7."a.    Mllucben.  1S2S. 
J.  Uhuo  :  Monazit  von  Bom  Jesus  dim  Melrns,  Proviiiz  BnhIa  Brasilien.    Cen- 
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15  Janeiro,  pages  38-44.    Stuttgart,  January.  191S. 
He.nbt   M.  Wabhingtos  :  An  occurrence  of  pyroxenite  and   homblendlte  in 

Itabia.  Brazil.    American  Journal  of  Science.  July,  1914.  volume  XXXVIII, 

pages  79-90, 
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J&UEB  W.  WEIX8:  Exploring  and  traveling  three  tbousand  mllee  throoi 
Brazil,  from  Rio  de  Janeiro  to  Maranhao.     In  two  volumes.     London.  ISn 

Jakes  W.  Wblu:  Notes  of  a  Journey  from  the  River  St.  Fran<^8ca  to  t 
Blver  Tocantlns  aad  to  the  city  of  MaranhRo.  Journal  of  the  Royal  Gt 
graphical  Sodety,  volume  XLVI,  pages  308-328.    Ixindoa,  1ST6. 

David  Whub;  A  new  fossil  plant  from  the  State  of  Bahia.  American  Joum 
of  Science,  volume  35,  pages  633-63(1.  Stanford  Espedltlon  to  Brazil.  v> 
ume  I,  pages  49-52.    Stanford  Univerettr,  1914. 

Chableb  a.  White:  ContribulgOes  6.  Paleontologla  do  BrasU  (com  o  origin 
em  Inglec).  Archlvos  do  Mnseu  Nadonal,  volume  VII,  4°,  paglnqs  1-2 
and  28,  plates.  Bio  de  Janeiro,  1887.  350  copies  of  this  report  were 
sued  as  a  special  edition,  dated  Wastdngton,  January  21,  1888,  under  t 
title :  "CoutrlbatioQB  to  the  paleontology  of  Brazil,"  comiirlslsg  descrli>tl<i 
of  Cretaceous  invertebrate  fossils,  mainly  from  the  provinces  of  Sergl] 
Pemambuco,  ParA,  and  Bahia. 

A.  Smith  Wooowabd;  Notes  on  some  Vertebrate  fossils  from  the  Proriuoe 
Bahia  collected  by  Joseph  Mawson,  Esq.,  F.  G.  S.  Annals  and  Magazt 
of  Natural  History,  1888.  pages  132-136. 

A.  SifiTH  WooDWABD :  Evldeucc  of  the  occurrence  of  Pterosaurlans  and  P 
alosaurians  In  the  Cretaceous  of  Brazil,  discovered  by  Joseph  MawfK 
Annals  and  Magazine  of  Natural  History,  sixth  series,  volume  8,  pages  31 
317,  2  figures.     Loodon.  1891. 

A.  SuiTH  WooDWABD :  Ou  two  dcep-bodled  species  of  the  clupeold  genus  1 
plomystus.  Annals  and  Magazine  of  Natural  History,  sixtb  series,  volui 
XV.    London,  1895. 

A.  SuiTK  Woodward:  On  the  quadrate  bone  of  a  gigantic  Pterodactyle  dlsct 
ered  by  Joseph  Mawson  in  the  Cretaceous  of  Babia,  Brazil.  Annals  a 
Magazine  of  Natural  History,  slxtb  series,  volume  17,  pages  255-257.  tA 
don,   1896. 

Abthob  Suirn  Woodward  :  On  some  fossil  fishes  discovered  by  Prof.  Ennes 
Souza  In  tbe  Cretaceous  formation  at  llbeos,  State  of  Bahia.  Bra) 
Quarteriy  Journal  of  tbe  Geological  Society,  volume  LXIY,  pages  25S-3 
(2  plates).    London,  August,  1908. 

A.  SuiTH  Woodward;  On  an  Amloid  flsb,  Megalurut  mawgoni,  sp.  n..  from  t 
Cretaceous  of  Bahia,  Brazil.  Annals  and  Magazine  of  Natural  Hlsto 
seventh  series,  volume  IX,  pages  87-89,  1  plate.    Ixindon,  1902. 


Previous  investigations. — The  base  map  of  Ceard  is  copied  from  t 
map  of  that  State  made  by  the  Inspectoria  de  Obras  Contra  as  Sect 
under  the  direction  of  Dr.  M.  Arrojado  R.  Lisboa. 

Fairly  comprehensive  reports  have  been  made  of  late  years  on  the  ge 
eral  geology  of  CearA  by  Crandall,  Small,  Waring,  and  Soper.  Earli 
valuable  notes  are  those  of  Capanema,  George  Gardner,  Pompeu 
Souza,  and  Spix  and  Martins,  The  noted  Cretaceous  fossil  fishes  a 
described  by  L.  Agassiz.  and  lately  Dr.  D.  S.  Jordan  has  prepared  a  fi 
report  on  them  for  the  Servhjo  Qeologico  do  Brasil.  The  report  has  n 
yet  been  published. 
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Henera]  geology. — The  surface  rocks  over  most  of  the  State  of  Ceard 
tn  the  granites,  gneisses,  and  schists  of  the  Brazilian  complex.  Along 
the  western  frontier  the  Serra  Grande  mountain  range  is  of  sedimentary 
Mcks  that  have  been  called  lower  Permian  by  Small  and  Cretaceous  by 
f'randall.  The  Araripe  range,  which  lies  along  the  southern  boundary, 
is  Cretaceous,  while  the  entire  coast  is  bordered  by  a  narrow  belt  of  Ter- 
tiary sedimentB.  The  Archean  of  Cear4  is  cut  At  many  places  by  intru- 
sives,  and  faults  have  let  down  into  the  granites  and  gneisses  the  ends  of 
some  of  the  old  sedimentary  beds  that  now  appear  in  the  topography  as 
ridp.'S  ot  quartzites.    A  typical  instance  of  this  structure  is  shown  in  the 


Sec9So  SeQlog\ca 


Araripe  enire  Serra  da  Mooi/nha  e 


t  llmestDDp.— H.  L.  Small. 


i^rra  de  Tucunduba,  whose  geology  is  given  in  the  report  of  H.  L,  Small 
opposite  page  46.  There  are  also  a  few  isolated  infolded  or  infaulted 
fragments  of  some  of  the  newer  rocks  scattered  over  the  Archean  area. 

The  Lower  Permian — the  "Serra  Grande  series"  of  Small — ^forms  the 
eastern  escarpment  of  the  Serra  Grande,  a  range  of  mountains  on  the 
testern  frontier,  extending  from  near  the  ocean  on  the  north  to  seven 
degrees  south  latitude,  nearly  to  the  Serra  do  Araripe.  The  rocks  of  the 
Serra  Grande  are  coarse  calcareous  sandstones,  limestones,  and  conglom- 
erates, usually  false-bedded,  and  having  a  maximum  thickness  of  700 
meters  just  west  of  the  town  of  Ip6.  For  the  most  part  the  dip  of  these 
beds  is  from  four  to  seven  degrees  toward  the  west  or  northwest.  No 
fiB^sils  have  been  found  in  the  Serra  Grande  rocks,  and  the  age  of  the 
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series  is  not  certainly  known.  They  are  referred  tentatively  to  the  h- 
Permian  by  Mr,  Small,  chiefly  because  beds  known  to  be  Permian  ove 
them  on  the  west.  There  are  several  outliers,  supposed  to  be  of  the  sa 
age  as  the  Serra  Grande  rocks,  at  and  north  of  Serra  da  Rola  on 
.Acarahii.  The  rocks  of  the  Serra  da  Rola  itself  dip  northward,  and  ; 
eral  kilometers  down  the  river  the  dip  is  to  the  south.    There  are  a  jr 


TlttMiukHliiiutAUt    .Ag 


many  eaves  in  the  linief-toiies  of  the  Serra  Grande  series,  the  best  kuc 
of  which  is  the  Gruta  de  Ubajarra,  13  kilometers  northeast  of  Itiap. 
The  Serra  or  Chapada  do  Araripe,  on  the  southern  frontier  of  Cci 
is  a  flat-topped  tableland  of  nearly  horizontal  Cretaceous  rocks.  The 
accompanying  sections  by  Small  show  the  general  features  of  the  get)l 
and  dispense  with  the  necessity  of  further  description.    In  the  bed  ca. 
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the  "Sant'Anna  limestone"  fossil  fishes  are  found  that  show  satisfactorily 
the  Cretaceous  age  of  this  aeries. 

The  irregular  zone  of  coastal  sediments  shown  on  the  map  as  Pliocene 
extends  along  the  entire  coast  and  varies  in  widtli  from  5  to  35  kilome- 
ters. The  rocks  are  mostly  soft  reddish,  yellow,  and  mottled  sandstones 
and  clays  in  which  no  fossils  have  yet  been  found  in  Ceara.  The  Tertiary 
beds  all  dip  gently  toward  tlie  ocean.  Some  of  the  beds  contain  much 
iron  locally.  They  are  assumed  to  be  Pliocene  because  there  is  a  lower 
scries  at  Mo8sor6  known  to  i)e  Eocene.  The  thickness  of  these  sediments 
varie-s  greatly,  but  in  the  State  of  Ceara  they  probably  do  not  exceed  50 
meters. 

At  a  few  places  along  the  coast,  notably  at  Canoa  Quebrada,  near  Ara- 
caty,  are  short  sandstone  reefs  of  Quaternary  ago,  similar  to  those  at 
Natal  and  Pernambuco. 

Economic  geologi/.—GoM  has  been  washed  at  many  places,  but  I  know 
of  no  gold  mine  now  in  operation  in  the  state.  Iron  is  abundant  at  many 
places,  both  in  the  old  crystalline  series  and  in  later  deposits,  but  it  ia 
not  mined,  and  no  systematic  search  has  been  made  for  ore  bodies  worth 
working.  Copper  in  the  form  of  the  carbonate  is  known  at  Fazenda 
Pcdra  Verde  seven  kilometers  northeast  of  Vi^cisn.  The  deposit  is  de- 
scrilKd  in  Small's  reixirt.  at  page  141.  Bituminous  shales  are  found  in 
the  Cretaceous  rocks  iif  the  Serra  do  Ararijw.  Books  and  articles  on  the 
?irite  give  long  lists  of  minerals  found  there,  but  it  is  not  claimed  that 
they  are  sufficiently  abundant  to  warrant  exploitation.  AMiite  crj-stalline 
niarlile  occurs  at  several  places  in  the  interior,  and  ordinary  limestone 
is  abundant  along  the  eastern  flank  of  .Serra  firande  and  in  the  Serra  do 
.Vraripe,  in  the  southern  end  of  the  state.  As  the  slate  suffers  much 
from  long  periodic  drouths,  subterranean  water  supply  is  of  great  impor- 
tance in  Cenni.  Such  water  is  found  most  certainly  in  the  coastal  sedi- 
ments, though  it  is  occasionally  found  in  small  quantities  in  the  Archean 
area.  Tiata  collected  by  Small  show  that  out  of  sixty-one  wells  sunk  in 
tile  sedimentary  beds  along  the  coast  77  per  cent  yielded  fairly  good 
water,  while  out  of  twenty-three  wells  sunk  in  granites,  gneisses,  or  schists 
45  per  cent  only  yielded  fairly  good  water  (Small,  page  .56). 

Oeolotjir  Maps  of  Ceara 

Crandall  and  Williams. — In  1910  the  "Inspectoria  de  Obras  Contra  as 
Seccas"  published  a  geologic  map  of  the  States  of  Ceara,  Rio  Grande  do 
Norte,  and  Parahyba.  The  authors  of  the  map  were  Roderic  Crandall 
and  H.  E.  Williams,  both,  at  that  time,  assistants  on  the  Servi^  Geo- 
logico  e  Mineralogico  do  Brasil.    The  map  was  on  a  scale  of  1  to  3,000,000 
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and  five  diviflionfl  of  tiie  geologic  column  were  represented,  namely:  (1) 
graniteB,  (2)  gneisses  and  crystalline  schists,  (3)  the  Cear4  Beries,  which 
is  not  well  defined,  but  seems  to  beU>ng  with  the  gneisses  and  schists; 
(4)  Cretaceous,  and  (5)  Quaternary.  This  map  is  called  Pubtication 
number  7,  Series  I,  G  of  the  Inspectoria  de  Obras  Contra  as  Seccas.  It 
was  not  accompanied  by  text,  but  Mr.  Crandall's  report  on  the  geology  of 
that  region,  published  by  the  Inspectoria  as  number  4,  Series  I,  D,  E, 
may  be  accepted  as  the  text. 
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Previotis  invesligations. — The  geology  as  shown  on  the  map  is  largely 
from  the  personal  observations  of  the  author.  Publications  regarding  the 
geology  of  the  state  are  limited  almost  entirely  to  the  notes  of  Hartt,  two 
short  papers  by  Freise,  and  the  very  few  notes  by  Maximilian  Wicd- 
Xeuwied.  Anguate  St.  Hilaire,  the  French  botanist,  crossed  the  state, 
but  he  has  very  little  to  say  about  the  geology. 

General  geology. — The  general  geology  of  the  State  of  Eapirito  Santo 
is  quite  simply:  Archean  gneisses,  granites,  and  schists  form  the  moun- 
tains and  high  western  part  of  the  State  and  of  most  of  the  interior; 
Pliocene  ( F)  aod  later  sediments  form  a  belt  along  the  coast  and  lap  back 
over  and  against  the  Archean  rocks.  Little  is  known  of  the  details  of  the 
geology  of  the  State,  but  it  is  probable  that  quartzites  and  old  metamor- 
phic  rocks  are  here  and  there  let  down  into  the  older  masses  by  faulting. 

There  are  two  and  possibly  three  divisions  of  the  coastal  sediments :  an 
older,  basal  division,  in  which  no  fossils  have  yet  been  found,  and  a  later 
division,  of  soft  and  incoherent  yellow  sands  and  clays,  blackened  here 
and  there  by  iron  or  vegetable  matter  or  bleached  by  acidulated  waters, 
containing  marine  fossils,  separated  from  the  older  division  by  an  uncon- 
formity. 

These  Tertiary  beds  all  dip  gently  toward  the  ocean.  They  probably 
do  not  exceed  fifty  meters  in  thickness,  and  are  cut  entirely  throuprh  along 
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Rio  Mucnry  and  in  Lagoa  Juparaoa,  where  the  vrnderlying  granite  is 
exposed. 

The  Tertiary  belt  is  about  eighty  kilometers  wide  at  Sao  Matheus,  near 
the  north  end  of  the  state,  and  narrows  to  a  width  of  about  twenty  kilo- 
meters at  the  south  end,  while  at  several  points  between,  notably  at  Bene- 
vente  and  at  Victoria,  these  Tertiary  sediments  have  been  completely 
removed  by  denudation. 

About  the  mouth  of  Rio  Doce  is  a  large  area  of  swampy  lands  that 
should  probably  be  regarded  as  recent  alluvial  deposits  rather  than  Plio- 
cene. 

Economic  geology. — But  little  is  known  of  the  mineral  resources  of  the 
State  of  Espirito  Santo.  Rocks  of  the  Brazilian  complex  cover  most  of 
the  State,  and  within  that  area  many  of  the  minerals  common  to  Brazil 
have  been  found.  Friese  reports  finding  wolframite  in  the  Serra  dos 
.\j-mores  north  of  the  Rio  Doce.  Monazite  sands  are  found  along  certain 
parts  of  the  sea  beaches  north  of  Victoria,  Limestones  {probably  mar- 
bles) are  said  to  cover  a  considerable  area  in  the  Valley  of  Rio  Castello, 

Geologic  Map  of  Espirito  Santo 

Pissis,  1842. — The  map  accompanying  the  Memoire  sur  la  position 
g&ilogique  des  terraince  de  la  partie  australe  du  Br^sil,  par  >I,  A.  Pissis. 
Paris,  1842,  includes  tlie  geology  of  the  entire  State  of  Espirito  Santo. 
The  map  is  on  a  scale  of  1  to  2,500,000,  but  it  does  not  show  evidences  of 
much  work  done  in  the  State  of  Espirito  Santo. 

Bibliography  of  the  Geology  of  Espirito  Santo 
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all  that  was  translated  and  Ineludee  volume  I  of  ttie  Frencb  edition  and 
chapter  XI  of  volume  11,  up  to  page  206.) 

J.  W.  Richa8i>ho?j:  The  Espirito  Santo  and  Bahia  Monazite  beds.  Brazilian 
Mining  Journal,  volume  I,  ptfges  79-84.    Rio  de  Janeiro,  Jub',  tfiOS. 
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OOTAZ 

Previous  investigations. — The  base  map  of  Goyaz  is  made  up  partly 
from  the  coordinates  along  the  Rio  Araguaya  by  Dr.  W.  Berky  for  the 
Department  of  Terrestrial  Magnetism  of  the  Carnegie  Institution  and 
partly  from  the  map  of  the  Commisaao  de  estado  da  Xova  Capital  da 
UniSo,  under  Dr.  L.  Cruls,  Rio,  1896. 

The  location  of  the  Tocantins  and  the  Paranan  is  taken  from  the  Bra- 
zilian government's  map  of  the  prolongation  of  the  Estrada  de  Ferro 
Central  do  Brasil  do  Rio  a  Belem,  1917. 

The  report  of  the  expedition  of  Castelnau  acrosB  Goyaz  and  of  his  trips 
on  the  Araguaya  and  Tocantins  contains  many  notes  on  the  geology, 
though  it  is  often  difficult  to  locate  the  places  mentione<l.  George  Gard- 
ner's travels  and  Pohl's  Gebirgskunde  Brasilien  are  also  very  helpful. 

The  report  of  Cruls  on  the  Planalto  Central  do  Brazil  has  important 
notes  on  the  mineralogy,  and  on  the  geologic  structure,  by  Hussak, 

In  the  northwest  corner  of  Goyaz,  where  if  touches  the  State  of  Pari, 
I  have  felt  obliged  to  omit  the  Cretaceous  beds  along  the  Araguaya,  as 
shown  by  Katzer  in  his  map  of  the  geology  of  ParA. 

General  geology. — The  Archean  rocks  in  the  State  of  Goyaz  extend 
from  Rio  Parnahyba,  southwest  of  Santa  Hita  do  Parnahyba,  and  from 
south  of  Catalao  northward  past  Bella  Vista.  Pyrenopolis,  and  the  city 
of  Goyaz  to  Porto  Nacional,  on  the  Rio  Tocantins — a  distance  of  more 
than  eight  hundred  kilometers.  This  Archean  belt  has  a  width  of  four 
hundred  or  five  hundred  kilometers,  more  or  less.  The  details  of  the  out- 
lines of  the  area  shown  on  the  map.  however,  make  no  claim  to  accuracy, 
wliile  the  limits  of  the  Archean  along  the  western  aide  of  the  state  are 
almost  entirely  unknown.  There  are  a  few  small  Archean  areas  exposed 
where  the  overlying  rocks  have  been  removed  by  denudation.  One  of 
these  is  reported  by  Gardner  at  Natividade.  There  appear  to  be  areas  of 
infaulted  old  Paleozoic  rocks  within  the  area  of  Archean  rocks  in  the 
region  about  the  city  of  Goyaz  and  el.sewhere,  but,  for  lack  of  a  knowl- 
edge of  details,  it  is  quite  impossil>le  to  outline  any  of  them  at  present. 

There  seems  to  be  an  area  of  old  Paleozoic  roi'ks  about  the  headwaters 
of  Rio  Araguaya,  but  very  little  is  known  cither  of  the  character  of  the 


)vGoo<^lc 


252  J.  C.  BRANNER OUTLINES  OF  THE  GEOLOGY  OF  BRAZIL 

rocka  or  of  the  area  covered  by  them.  Castelnau  speaks  of  them  as  mucli 
contorted  argillaceous  schists  dipping  south  and  southeast.*' 

The  summit  of  the  divide  in'  the  new  federal  district  northeast  of 
Pyrenopolis  and  west  of  Formosa  is  capped  by  sedimentarj'  rocks  that  I 
have  referred  provisionally  to  the  Upper  Permian.  These  rocks  extend 
southward  along  the  divide  between  Rio  Sao  Marcos  and  Rio  Sao  Bar- 
tholomeo  and  appear  to  connect  with  the  Upper  Permian  in  Minas  Geraes 
near  Patrocinio.  To  the  north  of  Formosa  these  same  sedimentary  beds 
form  the  great  plateau  along  the  waterahed  to  the  north,  between  the 
States  of  Goyaz  and  Bahia,  to  and  beyond  the  frontier  with  Maranhao 
and  Pianhy. 

In  the  vicinity  of  Pyrenopolis  these  Permian  sediments  are  a  mere 
remnant,  but  farther  north  they  spread  out  until  they  have  a  width  of 
600  kilometers  or  more  in  the  northern  part  of  the  State  of  Goyaz. 

The  notes  of  George  Gardner  show  that  the  rocks  are  about  horizontal, 
and  that  they  are  mostly  sandstones  and  limestones. 

Inasmuch  as  there  are  cavemoas  limestones  in  the  Serra  do  Roncador 
in  northeast  Matto  Grosso,  it  seems  probable  that  these  beds  extend  quite 
across  northern  Goyaz  into  the  States  of  Pard  and  Matto  Grosso. 

The  map  shows  an  area  of  Triassic  rocks  in  the  southwestern  part  of 
the  State  of  Goyaz.  Triassic  rocks  are  known  in  the  adjoining  States  of 
Sao  Paulo  and  Minas  Geraes,  and  it  is  inferred  that  the  similar  beds  on 
the  northwest  side  of  Rio  Paranagua  are  also  Triassic.  The  precise  loca- 
tions of  the  margins  of  the  Triassic  rocks  in  the  State  of  Goyaz,  however, 
are  not  known  at  present. 

Overlying  the  Triassic  rocks  in  the  southwest  comer  of  the  State  is  a 
later  series  of  sediments  supposed  to  be  of  Cretaceous  age.  The  only 
notes  we  have  of  this  series  are  those  of  Castebiau,  who  crossed  them  on 
the  road  leading  from  Goyaz  to  CuyabS,  in  the  State  of  Matto  Grosso. 
The  drawings  and  photographs  given  by  Henry  Savage-Landor  at  pages 
253,  2'56,  and  352  of  his  "Across  Unknown  South  America,"  BostoD. 
1913,  give  a  vivid  idea  of  the  topography  and  structure." 

Economic  geology. — Goyaz  has  produced  notable  quantities  of  gold, 
chiefly  from  placer  deposits  where  it  is  derived  from  schists.  Diamonds 
and  other  precious  stones  havp  also  been  mined,  especially  along  Ein 
Claro,  an  affluent  of  the  upper  Rio  Araguaya.  Iron,  both  magnetic  ore 
and  hematite,  is  reported  from  many  places  in  the  State,  but  ver\-  little 
is  known  as  yet  about  the  quantity'  available.    Hussak  mentions  one  bed. 

••  Expedition     .     .     .     hlstolre  dn  voyage.  toI.  II,  p.  348.     Parts.  \SW>. 

"  Unfortunately  that  Buthor's  statementa  about  lavas  are  not  to  b»  tmatfd.  The  rock 
so  named  by  bim  la  mostly  tbe  welt  known  canga  or  Umonlte  Iron  ore.  while  the  "lava 
over  giant  volcanic  dome"  at  page  STO  Is  an  eitollaleil  mas<  of  aandatone. 
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30  meters  thick,  near  Meia  Ponte  (now  called  Pyrenopolis).  Dr.  Lieboa 
mentions  the  occurrence  of  bituminous  and  gypsiferoue  shales  at  the 
confluence  of  Sic  Serene  with  Rio  Mauoel  Grande  in  the  Tocantins  low- 
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Previous  investigations. — In  the  preparation  of  the  geographic  base 
for  the  State  of  Maranhao  I  have  had  the  benefit  of  the  coordinates  de- 
termined by  Dr.  Arnaldo  Pimenta  da  Cunha  and  pnblished  in  the  Boletim 
Official  do  Miniaterio  da  Industria,  Yiagao  e  Obrae  Pablicas,  1°  anno, 
tomo  II,  page  158,  Rio  de  Janeiro,  1909. 

The  most  valuable  papers  on  the  geology  of  Maranhao  are  tiiose  of  Dr. 
M,  Arrojado  R.  Lisboa,  the  notes  of  Spii  and  Martins,  and  those  of 
James  W.  Wella.  The  interior  of  the  state  is  but  little  explored.  On  the 
lower  Tocantins  I  have  followed  Castelnau  by  referring  hie  sandstones 
and  shales  to  the  Fennian  of  Lisboa. 

Oeneral  geology. — Archean  rocks  are  known  in  Maranhao  along  Rio 
Gurupy,  on  the  lower  portion  of  the  Tury-asau,  and  along  a  short  piece 
of  Rio  Itapicum  between  Cod6  and  Coroati.  It  is  possible  that  there  is 
also  a  belt  of  Archean  exposed  along  Rio  Grajahu  near  four  degrees  south 
latitude,  where  Wells  reports  a  hard  dark  "greenstone"  very  similar  to 
that  at  Chapada." 

The  oldest  known  rocks  in  Maranhao  after  the  Archean  are  supposed 
to  be  the  Permian  Bediraents,  which  cover  nearly  half  of  the  state.  These 
Permian  beds,  as  described  by  Dr.  Lisboa,  are  here  mentioned  in  their 
natural  order: 

Uncrmformitv  at  fhe  Top  of  the  Permian 

Thickncu  In 

T.  Green  and  chocolRte-coIored  shales,  Umestonea.  Bud  while  aandstones.  3 

fl,  8^0  Barthotomeu  sandstone,  nshen  gray,  false-bedded 50 

5.  PlHoUtlc  tofk,  mofltly  white  sandstone 3 

4.  Jaboti  red  sandstone,  with  purple  spots ±150 

3.  Mendes  sandstone,  ashen  gray  to  white ^ 

2.  Ashen  gray  marly  shales  and  calcareous  beds ? 

(Interval  not  seen.) 
1.  Bituminous  shales. 

These  sedimentary  beds  are  nearly  horizontal,  and  are  cut  here  ami 
there  by  dikes  and  interstratified  with  sheets  of  diabase. 

Next  above  the  Permian  beds  is  the  Mearim  series  of  Lisboa,  and  pro- 
visionally referred  by  him  to  the  Triassic.  These  beds  are  principally 
red  sandstones  having  a  thickness  of  100  meters.  In  places  they  contain 
flows  of  amygdaloidal  trap. 

In  the  Serra  Vermelha  above  the  city  of  Grajahu  these  beds  dip  locally 
west-north  west,  and  the  red  sandstone,  with  the  included  trap,  has  a 
thickness  of  235  meters. 

c^J.  W.  Wrlln:  Thr«p  tbousand  miles  tbrougb  Br»ll,  vol.  II.  p.  391.    London.  IfSC 
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A  soft  yellow  sandstone  that  overlies  the  Triassic  and  forms  tiie  top  of 
the  plateau  of  Orajahi^  is  referred  b;  Lisboa  to  the  Cretaceone.  In  places 
these  sediments  are  argillaceoua;  the  whole  series  dips  gentlj  toward  the 
coast 

Along  the  coast  of  Maranhao  is  the  Tertiary  zone  characteristic  of  the 
coast  of  northern  Brazil.  These  beds  are  horizontal  sediments,  here  and 
there  cemented  with  iron.  Where  the  sea  is  encroaching  on  them  they 
form  binffa,  and  where  the  sands  are  encroaching  on  the  sea  the  coast  is 
low  and  the  hard  rocks  are  covered  by  sand-dnnes. 

It  was  formerly  supposed  that  the  marine  fossils  found  at  Piribas,  on 
the  coast  of  Pari,  were  Cretaceous,  and  they  were  therefore  included  in 
Dr.  C.  A.  WTiite's  description  of  the  Cretaceous  fossils  of  Brazil.  Later 
studies  have  shown  that  those  fossils  are  Eocene."  Reference  is  here 
made  to  the  Pirabas  fossils  because  Dr.  Lisboa  found  at  Canitapera,  in 
the  northwest  corner  of  Maranhao,  fosailiferous  limestone  "with  a  fauna 
similar  to  that  of  Pirfibas."  The  Canitapera  region  is  therefore  to  be 
classified  ae  Eocene  unless  a  fuller  study  of  the  fossils  found  there  should 
warrant  a  different  conclusion. 

Economic  geology. — But  few  minerals  of  economic  importance  are  cer- 
tainly known  in  the  State  of  Maranhao.  Some  gold  has  been  mined; 
bauxite  is  reported  in  the  sedimentary  beds  of  the  west,  and  Dr.  Lisboa 
found  bitnminoua  shales  near  Cod6  and  at  several  other  places  in  the 
itate.  Burlamaqui  reports  such  shales  on  Rio  Mearim  near  Barra  do 
Corda.  Limestone,  probably  of  Permian  age,  is  abundant  on  Rio  Grajahi, 
where  it  has  a  thickness  of  2-5  meters.  Iron  has  long  been  reported  from 
the  island  of  S.  Luiz,  but  there  is  no  information  available  regarding  the 
quantity  and  quality  of  the  ore. 

Geologic  Map  of  Maranhao 

Lisboa.  J9I4. — Dr.  M.  A.  R.  Lisboa  published,  in  the  American  Jour- 
nal of  Science  for  May,  1914  (volume  187,  pages  425-443),  an  article  on 
the  Permian  geolog\'  of  northern  Brazil,  and  accompanying  it  was  a  small 
map  showing  the  geology  of  a  large  part  of  the  State  of  Maranhao.  It  is 
on  a  scale  of  1  to  1,126, 7G0,  and  four  geologic  divisions  are  represented, 
namely:  crystalline,  Permian,  Triassic,  and  Cretaceous. 

Bibliography  of  the  Geology  of  Maranhao 

Axon:  Mines  d'or    .    .    .    pren  de  Saint  Tenuis  de  MaranMo.    Nouvelles  Ann. 
dcis  Voyages,  slxtb  series.  volDine  II,  pages  112-114.    Paris,  1SS.1. 
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MATTo  asosao 

Previous  investigations. — The  base  map  of  Matto  Qroseo  is  made  up 
chiefly  from  the  following  data: 

1.  Locations  along  Rioe  Guaporfi  and  Madeira  by  E.  H.  Schmidt,  of 
the  Department  of  Terrestrial  Magnetism,  Carnegie  Institution. 

3.  RioB  Gj-Farani,  Theodoro,  and  the  Tapajos  are  copied  from  the 
mqj}  given  in  the  lectures  of  Colonel  Candido  Mariano  da  Silva  Bondon, 
published  at  Bio  de  Janeiro  in  1916. 

3.  Rio  Xingi^  is  from  tbe  maps  of  Earl  Yon  den  Steinen's  Erforschnng 
des  Xingu. 

4.  The  southern  part  of  the  State  is  from  Schnoor's  map,  given  in  Dr. 
M.  A,  R.  Lisboa's  paper  in  "Oeste  de  Sao  Paulo,  Sul  de  Matto  Qroeso. 
Geologia,"  etcetera.    Rio  de  Janeiro,  1909. 

Castelnau  gives  the  geology  along  the  routes  followed  by  his  expedi- 
tions from  Goyaz  to  Cuyab&  and  thence  to  Villa  Bella..  Evans'  paper  on 
the  region  northwest  of  Cuyabd  is  valuable;  the  geologic  notes  on  the 
XingH  by  Dr.  Vogel  and  by  Clanss  and  the  occasional  notes  given  bv 
J.  S.  da  Fonseca  are  helpful. 

The  notes  of  Eua-bio  Paulo  de  Oliveira  on  the  "Expedigao  Roosevelt- 
Eondon"  and  those  of  Alberto  B.  Paee  Leme  after  the  notes  of  Cicero  de 
Campos  are  most  welcome  additions.  The  most  valuable  late  contribn- 
tion  to  the  general  geology  of  Matto  Grosso  is  by  Dr.  M.  Arrojado  R. 
Lisboa,  who  crossed  the  southern  end  of  the  state  from  Sao  Paulo  to  Cu- 
rumba,  along  the  line  of  the  new  railway  route. 

The  best  general  description  of  the  state  is  that  by  Herbert  H.  Smith. 

On  the  paleontology  Clarke,  Knod.  and  Von  Ammon  are  most  impor- 
tant. 

Oenerdl  geology. — Geologically  Matto  Grosso  is  the  most  interesting 
and  the  least  known  of  the  Brazilian  states.     The  available  notes  an^ 
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observations  on  its  many  geologic  problemfi  are  imuBoally  difficult  to 
harmonize,  and  the  results  as  shown  on  the  map  mast  not  be  regarded  as 
anything  more  than  an  effort  to  bring  them  into  accord  with  each  other 
and  with  what  is  known  of  the  geology  of  adjoining  regions.  The  few  notes 
I  have  been  able  to  find  on  the  geology  along  the  Rio  Quapor^  are  by  Dr. 
Joio  Severiano  da  Fonaeca.'*  The  geology  along  the  Gy-Paran&  and  the 
Rio  Theodore  is  chiefly  from  the  notes  and  reports  of  Euzebio  Paulo  de 
OUveira.'*  The  general  geology  of  the  Serra  do  Norte  and  of  the  plateau 
west  of  Diamantino  is  also  chiefly  from  his  paper. 

The  Parecis  sediments  (Cretaceous?)  are  shown  on  the  map  as  croes- 
ing  Bio  Tapajos  about  seven  degrees  south  latitude,  in  accordance  with 
the  notes  of  Chandleas."  On  the  upper  Xingu  we  have  a  very  few  notes 
in  the  papers  of  Dr.  P.  Vogel'*  and  of  Otto  Clauss."  The  PareciB  sand- 
stone of  the  plateau  is  referred  provisionally  to  the  Cretaceous,  in  ac- 
cordance with  the  suggestion  of  Euzebio  Paulo  de  Oliveira',  though,  as  he 
points  out,  DO  fossils  characteristic  of  that  age  have  yet  been  identified 
from  that  series.'*  This  agrees  also  with  an  earlier  suggestion  of  Derby, 
made  in  1895  and  based  on  vertebrate  remains  found  in  the  horizontal 
sandstones  north  of  the  Chapada.'* 

The  geology  of  the  southwestern  part  of  the  state  is  chiefly  from  the 
report  of  Dr.  M,  A.  R.  Lisboa.""  Some  light  is  to  be  had  on  that  part  of 
the  state,  however,  from  what  has  been  published  on  the  geology  of  Para- 
guay, Near  Villa  Rica  Stereosfemum  (wmvfwm,"  a  fossil  characteristic 
of  the  Upper  Permian  of  Brazil,  has  been  found,  while  in  the  mountains 
of  northeastern  Paraguay  have  been  found  Productua  and  Sptrifer  posf- 
striatus,  fossils  characteristic  of  the  Permian,'*  These  fossils  suggest  the 
possibility  of  the  "Bodoquena"  of  Dr.  Lisboa  being  Permian,  in  part  at 
least," 


"  Vl>i!MD  10  redor  do  Braill.  toI.  II.    Rio  de  Jaoelro.  ISSl. 

"  RKOnhcclmcDto  Keolocico  do  Noroeste  de  Matto  Orosto. 

'  W.  CluDdteis :  Nocei  on  the  rlvfri  Arlaoa,  Jarueme.  and  Tapajoa.  Jouroal  Roj'al 
(Imgrapblcal  SoclFtr.  vol.  ixxU.  pp.  ZSS-ZSn.     LondoD.  1S62. 

T.  VoKVl:  RelM  In  Matto  OroBKO.  lSST-8.  Zelt.  der  GcaaeUachaTt  fUr  ErtkuDde  in 
Bprlln,  iXTin.  Berlla.  1893  ;  alio  Id  Von  dec  Bteluen'a  Erforaclmng  dee  Xlniu :  durcb 
7.«n  Ira  IB  ran  I  lien.  Lrlpilg.  1880. 

"  Otto  Clause :  BErlcbt  [Ibrr  die  ScblDKO-BxpedltloD.  1884.  Peterroano's  MItthpl].. 
TOl.  3S,  1888.  pp.  129-134,  162-168. 

■■  BipFdlcIo  Klvntlflca  RooBeTelt-RoDdon.  .^nneio  no.  1  Oeologla.  pp.  33,  76.  Rio  de 
Janeiro,  ISIS. 

••ArcblTOB  do  MUHQ  Naclonal.  toI.  li,  p.  83.  .Rio  de  Janeiro.  ISflG. 

■■  OntF  de  Bio  Paulo.  Sul  de  Matlo  Groiwo.     Geologla.  etc.     Hlo  de  Jaoelro,  IB09. 

•>  F.  Frecb  ;  Letbea  Geogtioitlcn.  Tb.  1.  2  Bd.,  Lief  3.  p.  460. 

••  Joa.  T.  SEemltadilil :  GeolaglKhe  RplHbeobachtungen  Id  Sfldbraa[lteD.  SIta,  Akad. 
WIsa.     Win.  TOl.  evil.  January,  1898,  pp.  38-39, 

"Thfa  la  itlll  lurtbfr  atrenKthened  bj'  a  report  ol  foasll  tenia  aald  to  bave  been  found 
near  Miranda  bj  Llojd  and  died  by  ETana.  Qnarterly  Joamal  o(  tbe  Geological  Society 
ot  London,  p.  ST.  London.  1894.  Tbla  annoancemeDt  aeema  to  bave  beeo  discredited, 
and  I  have  not  yet  been  able  to  Terlfy  the  statement. 
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The  northeast  comer  of  Matto  Groaso,  where  it  joinB  Pari  and  Qoyaz. 
h&B  not  been  explored  geologically,  Katzer  represents  the  adjoining  part 
of  the  State  of  Pari  as  Cretaceous,  but  I  do  not  find  that  any  work  hua 
been  done  in  that  area.  Paul  Fonntain,  who  traveled  in  the  Xingu  I>ai>in 
and  along  Rio  Fresco  and  Id  the  mountains  east  of  there,  reports  in  thosi^ 
mountains  extensive  caverns  with  abundant  stalactites,"  Of  coarse,  the 
limestones  might  be  of  any  age  from  Archean  to  Cretaceous,  but,  in  the 
absence  of  data  to  the  contrary,  it  seems  reasonable  to  suppose  that  they 
are  of  the  same  age  as  the  Permian  limestones  east  of  the  Tooantins. 
and  I  have  therefore  so  represented  them,  subject  to  correction. 

The  foothills  east  of  the  great  marshes  of  the  Paraguay,  north  of 
Aqutdauana,  past  Coxim,  and  northward  nearly  to  15  degrees  south  lati- 
tude. Dr.  Lisboa  marked  on  his  map  as  Mesozoic  with  a  question."  Xc 
fossils  have  been  reported  from  these  beds,  but  I  have  referred  the  rocks 
of  this  area  to  the  Triassic  partly  because  such  reference  fits  in  with 
what  is  known  of  the  geology  of  SSo  Paulo.  The  part  of  this  zone  be- 
tween Cuyahd  and  Coxim  was  crossed  by  Dr.  Vogcl,  who  says  the  rocks 
are  mostly  red  sandstones.  It  is  also  evident  from  Cast«lnan's  descrip- 
tion that  there  is  a  marked  change  in  the  topography  and  the  geology 
where  the  road  from  Goyaz  to  CuyabS  descends  from  the  Matto  Gros,sri 
plateau  at  Rio  Agua  Branca  close  to  54  degrees  west  longitude. 

The  Devonian  age  of  certain  beds  in  the  mountains  east  of  Cuvabfi  ha* 
long  been  known.  Vopel  was  one  of  those  who  contributed  to  our  knowl- 
edge of  that  region.  In  his  notes  on  the  geology  of  the  area  southeast  of 
CuyabS  he  says  that  certain  rocks  are  similar  to  the  fossil-bearing  beds  <>( 
TaquarassA  (Taquaraainhaa?),  and  these  last  are  Devonian  beyond  quo^'- 
tion,  I  have  therefore  placed  in  the  Devonian  the  area  south  of  the 
Chapada  as  far  as  Rio  Siio  Loiiren^o."'  The  dip  of  the  rocks  in  th>- 
Chapada  seems  to  carry  the  sandstones  beneath  the  black  shales  called  by 
Evans  the  "Matto  shales."  and  these  black  shales  underlie  the  sandstone;^ 
of  the  Serra  dos  Parecis.  It  seems  possible,  therefore,  that  the  shalos 
belong  to  and  form  the  upper  part  of  the  Devonian,  much  as  the  Ponta 
Grossa  shales  of  Paran&  overlie  the  sandstones.  1  have  therefore  ?<i 
placed  them  prons  ion  ally  until  the  question  of  their  aee  can  be  mdro 
definitely  determined.  I  do  not  overlook  the  views  of  Euzebio  Paulo  <h 
Oiiveira  that  they  may  be  Permian — views  well  worthy  of  serious  cim- 

"  Paul  FoanMlD :  The  River  Amacon  from  Its  aoureea  to  the  wa.  New  Tork  inil 
pp.  S12  aad  S49-S51. 

"  M.  A.  R.  r.laboa  r  Oeste  de  SSo  Panlo,  Sul  fle  Hstto  Orosao.  GFOlogtB.  etc.  Rio  * 
Janplro.  IfiOB. 

"  P.  Vojtel ;  Heine  In  Matto  Grosso.  188T-S.  Zeit.  fler  fiesiiell.  f.  ErdkuDde  tu  Berlin. 
vrA.  iivlll.  1S03,  p.  274. 
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sideration,"  The  rocks  about  Cnyabi  underlie  the  Devonian  sandstones 
of  the  Chapada  and  were  csUed  the  Cuyabd  slates  by  Evans.  I  have  per- 
sonally examined  this  series  at  and  abont  Ciiyab&  and  in  the  region  be- 
tween CuyabA  and  Diamantino.  I  was  unable  to  find  any  fo^ils  in  them 
in  the  short  time  I  could  give  to  the  work,  but  inasmuch  as  the  Chapada 
Devonian  beds  rest  nnconformably  on  them,  it  is  quite  evident  that  they 
are  older  than  the  Devonian  and  that  they  are  clearly  separated  from  it. 
I  have  therefore  referred  them  tentatively  to  the  Silurian,  including  in 
this  division  both  the  slates  exposed  at  Cuyabi  and  the  zone  of  folded 
sediments  described  by  Cicero  de  Campos  aa  being  near  Sao  Lniz  de 
Cacerea,  and  by  Evans  between  Livramento  on  Rio  Cuyabi  and  Barra  dos 
Bugres  on  Rio  Paraguay,  and  seen  by  me  where  it  is  crossed  by  the  road 
between  Rosario  and  Diamantino." 

The  area  called  older  Paleozoic,  about  the  headwaters  of  Eio  Alto  Ara- 
guaya, in  the  eastern  part  of  Matto  Grosao,  is  known  only  from  the  few 
notes  of  Castelnau  and  Pohl,  and  those  are  too  brief  to  be  of  much  service. 

That  the  higher  portions  of  the  region  between  CuyabA  and  Rio  Par- 
anahyba  is  Cretaceous  is  inferred  from  the  following: 

1.  In  Sao  Paulo  the  Cretaceous  overlies  the  Triassic  and  forma  the 
hilltops. 

2.  Dr.  Lisboa  found  outliers  of  Cretaceous  along  the  railway  route 
between  Itapura  and  Aquidauana.'* 

3.  Castelnau'a  description  of  the  route  between  Goyaz  and  CuyabA 
shows  the  Matto  Grosso  plateau  to  be  of  horizontal  red  sediments,  whieh 
begin  at  Serra  do  Taquara  on  the  east  and  end  abruptly  at  Serra  da  Agua 
Branca  on  the  west.'" 

4.  The  reference  of  these  beds  to  the  Cretaceous  is  in  keeping  with  the 
supposed  Cretaceous  age  of  the  Parecis  sediments. 

In  a  preliminary  report  by  Dr.  Lisboa  on  the  manganese  and  iron 
mines  of  ITrncum.  in  the  State  of  Matto  Orosso,  and  dated  March,  inifi, 
he  gives  the  following  table  as  the  expression  of  his  own  views  and  those 
of  Euzebio  de  Oliveira  in  regard  to  the  Be<iuence  of  the  rocks  in  that 
fitate: 

"  Rfeonbfclniento  geologlco  do  Noroeste  de  Matto  QroMO,  pp.  74-76.     Bio  de  Jaoelro, 

"  Botb  Silurian  and  Devonian  ar«  found  at  Bucre,  Bolivia,  west  of  Cu^abS.  8e«  Hoek 
and  StelnmaDn,     Pet,  Mlt(„  lOflS,     I. 

"  Orate  de  SBo  Paulo  e  Sul  dp  Matto  Oroaao.  mappa. 

n  F.  de  CHHtrlnau  :  EipMltLon  dana  .  .  .  rAm«Hque  du  Hud.  Blstolre  dn  Voyage, 
vol.  n.  pp.  262-36S.     Paris.  1S60, 
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Economic  geology. — That  the  mineral  resources  of  Matto  Groaso  are 
but  little  kaown  is  probably  due,  to  some  extent  at  least,  to  its  difficult 
geographic  position  and  to  the  fact  that  the  geology  of  large  areas  in  the 
state  has  never  been  studied.  Hitherto  it  has  produced  gold  and  dia- 
monds, and  it  is  probable  that  gold  can  be  dredged  along  some  of  the 
iireams.  Iron  and  manganese  are  said  to  exist  in  large  quantities  at 
rrucum  (Evans),  where  they  are  near  river  transportation.  A  descrip- 
tion of  the  geology  of  the  iron  and  manganese  ores  shows  a  remarkable 
resemblance  to  that  of  Minas  Qeraes.  The  order  of  the  rocks  is  as  follows, 
from  below  upward :  gneiss,  mica  schist,  itacolumite,  manganese  and  iron, 
mica  schists,  limestone.  The  beds  are  mostly  horizontal.  The  hematite 
iron  is  said  to  be  from  10  to  15  meters  thick  and  the  manganese  ia  from 
I  meter  to  2.4.^' 

From  an  unpublished  private  report  on  the  TJrucum  mines  by  Dr. 
Lisboa,  and  dated  March,  191S,  I  am  permitted  to  quote  his  description 
of  the  geology : 

"[o  general  the  Unicum  Mountains  constat  of  a  series  of  sedimentary  rock 
to  which  r  gave  the  name  of  Jacadlgo  aeries  in  1907,  and  whlcli  consists  of 
Wo  diaracterlstlc  formations.  Tlie  lower  one  is  of  rough  arbose  becoming 
floer  toward  the  top:  the  upper  one,  which  Is  clearly  separated  from  the  lower 
one.  consists  of  ferriferous  sandstones.  The  Iron  and  manganese  occur  In  par- 
tllel  beds  In  this  upper  divistoo." 

The  Jacadigo  series,  legarded  by  Dr.  Lisboa  as  pre-Devonian,  is  said  to 
Uve  a  total  thickness  o£  from  2.?0  to  500  meters;  the  rocks  beneath  them 
■iK  granites  and  mica  schists. 

The  manganese  beds  he  reports  as  varying  in  thickness  from  less  than 
one  meter  to  five  meters.  His  analyses  show  the  manganese  ores  to  run 
as  high  BB  58.4  per  cent  of  metallic  manganese,  or  60.8  per  cent  of  man- 
iranese  and  iron  together. 

Geologic  Maps  of  Matto  Grosso 

Evans,  1894. — Dr.  J.  W.  Evans'  paper  on  the  geology  of  Matto  Grosso, 
published  in  the  Quarterly  Journal  of  the  Geological  Society  of  London, 
volume  L,  pages  85-104,  contains  a  small  map  showing  the  general  geol- 
D.Ey  of  a  large  area  along  the  Rio  Paraguay  between  Coimbra  and  Dia- 
mantino.  The  map  is  on  a  scale  of  1  to  3,500,000  (it  ia  erroneously  given 
on  the  map  itself)  and  nine  divisions  of  the  geology  are  shown. 

Lisboa,  1909. — Dr.  Miguel  A.  Lisboa's  report  on  the  geology  along 
the  railway  route  between  Sao  Paulo  and  Matto  Grosso,  published  at  Rio 

"  Pnbllo  Rlbclro  tt  H.  KIlbDrn  Scott ;  O  mnDganfi  no  Braill.  p.  18.     nio  if  Jaaelro. 


)vGoo<^lc 


262         J.  C,  BRANNBB — OUTLINES  OP  THE  OEOLOOY  OF  BRAZIL 

in  1909  (Sul  de  Matto  Grosso,  etcetera),  contains  a  geologic  map  of 
soutbeaetern  portion  of  Matto  Qrosso.  It  is  on  a  scale  of  1  to  3,000 
and  shows  ten  geologic  subdivisions.  Most  of  the  geology  is  the  orig 
work  of  Dr.  Lisboa  himself;  it  is  a  contribution  of  great  valne  to 
geology  of  Brazil. 

Bibliography  of  the  Geology  of  Matto  Grosso 

Ltiiz  D'ALiNcorBT :  Besultado  dos  trabalhos  e  IndagacSee  estatlsdcas  da 

vlncla  de  Matto  Groaso.     (CuyabA,  182S.)     Anaaes  da  Blbllotheca  Nad 

do  Rio  de  Janeiro.  18TT-1878,  volnme  III,  paglnae  68-161,  225-2T8.    Rl 

Janeiro,  18TT.     (Mtnas  e  geologla,  pages  268-278.) 
CicEBO  DE  Caupos  ;  See  Leme,  Alberto  Betim  Paes. 
Cabl  Cabnier:  01iservac<^  geologies S'geogr a phicas    .    .    .    Rto  de  Jan 

1909.     [Commlssito  de  Llnhas  telegraphlcas  estratiglcas  de  Matto  Gt 

ao  Amazonas.)     Annexo  5. 
P.  DB  Castelnau  et  EUOEKE  d'Osebx:  Expedition  dans  lea  parties  centr 

etc.    Sine  partle.     Paris,  1853. 
M.  LE  CoiiTE  DB  Castelnau:  I«3  Dlamans  dans  Matto  Grosso.    Journal 

Debats.  Paris,  August  10,  1845;  also,  Rerlsta  do  Instltato  Htstorlco, 

pages  567-5G8.    Rio  de  Janeiro,  1866. 
W.  Chandlebb:  Notes  on  the  rivers  Arinos,  Jumema,  and  Tapajos.    Jot: 

o(  tbe  Royal  Geograpblcal  Society,  Tolume  XXXII,  pages  268-280. 

don.  1862. 
Geobge  E.  CnuKCH :  The  route  to  Bolivia,  pages  179,  186-18&    London, 
Otto  Clalbs  ;  Berlcht  liber  die  Schlngli-ETpedlUon,  1884.     Petermann's  1 

hellnngen,  Band  32,  1886,  pages  128-134,  182-168   (with  map,  profiles. 

a   few  geologic  notes). 
J.  W.  KVANS :  The  geology  of  Matto  Grosso,  particularly  tbe  region  dralne 

the  upper  Paraguay.     Quarterly  Journal  of  the  Geological  Society,  vol 

L,  February.  1804,  pages  85-104,  map.    London.  1894. 
J.  W.  Evans:  The  rocks  of  the    .    .    .    Mfldeira.    Quarterly  Journal  of 

Geological  Society,  volume  LXII,  pages  S8-124,    London,  1906. 
Dr.  JoAO  Sevebiano  da  Fonseca  :  Viagem  ao  redor  do  Brasll.  1875,  1878. 

ume  I,  royal  8°,  309  pages.    Rio  de  Janeiro.  1880. 
Dr.  Joao  Sevema.\o  da  Fonseca  r  A  Gruta  do  Inferao  na  Provlncla  de  SI 

Grosso,  junto  ao  forte  de  Colmbra.    Hevlsta  Instltato  Hlstorlco.  1 

XLV,  Parte  II,  paginas  21-34.    Rio  de  Janeiro.  1882. 
T.  Jebruann  ;  Diamantlno  an  der  Grenze  der  ZiTllisation.     Petermann's  ] 

heilungen.  volume  XLIX.  pages  146-140.    Gotha.  1003. 
Fbanz  Keixeb:  The  Amazon  and  Madeira  rivers.     New  Tortc.  1874. 
R.  Knod:  Devonlscbe  Faunen  BoHvlens.    Neues  Jahrbuch  flir  Mineral 

Bellage  Bd.  XXV.  pages  403-600.     Stuttgart.  1908. 
Alberto  B.  Paes  Leme:  Anneico  5.  Hlstorla  Natural,  etc.    Gommlssfio 

Linhas  telegraphlcas  de  Matto  Grosso  ao   Amazonas.    Rio  de  Jai: 

(n.  d.)  [1911].     (Pr^areil  from  the  notes  of  Cicero  de  Campos.) 
M.  A.  R.  Libboa:  Oeste  de  Silo  Paulo.  Sul  de  Matto  Grosso.    Geologla. 

Comml.«s:'io  Schnoor.    172  paginas.    Rto  de  Janeiro,  1909. 


)vGoo<^lc 


GENERAL   AKD    ECONOMIC    OEOLOOY  203 

M.  A.  R.  LiSBOA :  Lee  mimes  de  mangaDese  de  I'Urucum.    Le  Uessager  de  89o 

I'aulo,  E>£cembre  9,  1&18. 
K.  Josfi  DA  C.  Uattob  :  Itlnerarlo  do  Rio  de  Janeiro,  etc.    Two  volames.    Bio 

de  Janriro,  1836. 
H.  Meteb:  Ueber  seine  Espedltiun  nach  Ceutral -Bra allien.    Verhandel  Gesell- 

scbaft  nir  Brdkunde  za  Berlin,  volume  XXIV,  pagea  1T2-10S.    Berlin,  18&T. 
H.  Mcseb:  Berlcbt  ttber  eelne  iwelte  XingO- Expedition.     Verbandet  Geeell- 

scbaft  fUr  Brdlcunde  zu  Berlin,  volume  XXVII,  pages  112-133.    Berlin, 

1000. 
F.vzEBio  Paulo  de  Ouveiba  :  Relatorio  sobre  a  geolo^    ...    da  BrpedicSo 

RooseTelt-Rondon.    Jomal  do  Commerclo.    Rio  de  Janeiro,  Novembro  15, 

1014. 
EuzEBio  Paxtlo  Mt  Oliveira  :  ExpedlcBo  Sduitiflca  Roosevelt-Rondon.    Aunexo  . 

I,  Geologla.  79  paKlnas.    Rio  de  Janeiro,  1915. 
<i.  Reinoeul:  Terreuo  minero  cerca  de  Coxlni.    Matto  GroBSO.     BuenoB  Aires 

(d.  }>,  46  paginas. 
B.  H.  SuiTH  :  O  planalto  de  Matto  Grosso.    Revista  de  Bngenbarla  2S  de 

Janeiro  de  188Q,  Tolame  VII,  paginas  17-18. 
R.  H.  Smith  :  Do  Rio  de  Janeiro  &  Cu^abA.    Rio  de  Janeiro,  18SC. 
K.  VON  nE.i  Steihen  :  Erforshung  dea  Xingu ;  Durch  Zentral  BrasUlen.    I,elp- 

£tg,  18S6. 
L.  Von  Ammob:  Devonlsche  Veretelnerungen  von  Lagolnba  In  Matto  Gtosso. 

Zeitschrtft  der  Oesellschaft  fUr  Erdkunde  Eu  Berlin,  volume  XXVIII, 

pages  352-366.    Berlin,  1883. 
Dr.  P.  VooEi.:  Relsen  tn  Matto  <!rosso.  1887-88.     (Zwelte  Schlngfl -Expedition) 

mlt  Anhang:  Devonleche  Verstelnerungen  vou  Lagolnba  in  Matto  Grosso. 

Zeitschrlft  der  Oesellschaft  fUr  Erdkunde  in  Berlin,  volume  XXVIII, 

pages  309-366.    Berlin.  1803. 

MI  NAB  OERAEB 

Previous  invesligations. — The  geographic  details  of  the  base  map  of 
Minas  Geraes  are  taken  chiefly  from  the  Mappa  do  Eatado  de  Minas  by 
Benedicto  Jose  dos  Santos,  publishod  in  IftlO. 

It  ia  somewhat  remarkable  that  though  Minaa  Geraes  is  the  great  min- 
ing state  of  Brazil,  and  though  a  vast  amount  has  been  written  abont  it, 
its  geologj-  is  probably  less  clearly  understood  than  that  of  any  state  in 
that  coiantrj'.  One  reason  for  this  is  that  the  attention  of  the  world  has 
been  directed  to  its  mining  rather  than  to  its  geology. 

The  establishment  by  the  imperial  government  of  the  national  "Escola 
de  Minas"  at  Ouro  Preto  in  ISTS  and  the  opening  of  that  school  October 
12,  ISTG,  was  a  st«p  of  the  greatest  importance,  not  only  for  engineering 
education  in  Brazil,  but  also  for  the  advancement  of  the  science  of  geology 
in  the  state  and  throughout  the  whole  coimtry.  Some  of  Brazil's  ablest 
statesman  and,  with  but  few  exceptions,  all  of  her  geologists  and  mining 
engineers  have  been  educated  at  this  school.  It  is  maintained  by  the 
federal  government  and  is  now  under  the  ministry  of  Agriculture,  Indus- 
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try,  and  Commerce.  The  director  from  1875  to  1891  was  Dr.  Henri 
Gorceiz;  the  present  director,  who  succeeded  Dr.  Qorceix  in  1891,  is  Or. 
J.  C.  Coeta  Sena,  a  native  of  Minas  Qeraes  and  a  graduate  of  the  school. 

In  this  connection  shoald  be  mentioned  the  establishment  of  the  "An- 
naes  da  Escola  de  Minaa,"  in  which  have  appeared  many  valuable  contri- 
butions to  the  geology  and  mineralogy  of  Brazil  by  the  professors  and 
students  of  the  school.    Fourteen  numbers  or  volumes  have  been  issued. 

The  3tate  began  a  geological  and  topographical  survey  in  1892,  under 
the  title  of  Commissao  Oeographica  e  Geologica  de  Minas  Geraes.  Work 
was  carried  on  imtil  October,  1898,  when  it  was  suspended.'''  The  fol- 
lowing ten  topographic  sheets  were  published  by  this  survey  on  a  scale  of 
1  to  100,000,  with  50-meter  contours:  Ayuruoca,  Baependy,  Barbacena. 
Carrancas,  Ibertioga,  Ijavras,  Lima  Duarte,  Lominariae,  Rio  Preto.  and 
Sao  Joao  d'el  Rei.  Besides  these  topographic  sheets  the  commissao  pub- 
lished reports  of  progress  which  appeared  in  the  form  of  five  bulletins  be- 
tween 1892  and  1898.  A  geological  sheet  was  prepared  for  publication  in 
1899,  but  before  it  could  be  issued  the  sur\ey  waa  suspended. 

On  the  geology  proper  the  following  writers  are  noteworthy :  Eschwege, 
Gorccix,  Helmreichen,  Pissis,  Leith,  Harder,  and  Chamberlin,  In  addi- 
tion to  the  reports  of  progress  of  the  Commissao  Geographica  e  Geologica. 
valuable  geologic  notes  made  on  trips  through  the  state  are  those  of 
M,  A.  R.  Lisboa,  Francisco  de  Paula  Oliveira,  J.  C.  da  Costa  Sena,  An- 
tonio Olyntho,  and  0.  A.  Derby. 

Special  mention  should  be  made  of  the  work  done  by  Horace  E.  Wil- 
liams, of  the  Servi^o  Geologico  do  Brazil,  in  northwestern  Minas  between 
south  latitude  18°  30'  and  21°,  and  between  west  longitude  i^°  and  18°. 
The  results  of  Mr.  Williams'  excellent  work  on  this  area  have  been  sent 
me,  but  unfortunately  they  reached  me  too  late  to  be  incorporated  in  the 
map. 

General  geology. — Archean  rocks  cover  a  larger  area  in  the  state  of 
Minas  than  any  other  one  division  of  the  geologic  column.  They  are 
exposed  over  nearly  all  of  the  southern  and  eastern  parts  of  the  state. 
occupying  an  area  of  2G6,600  square  kilometers  out  of  a  total  state  area 
of  about  iiSO.OOO  square  kilometers.  Included  in  this  Archean  area,  how- 
ever, is  the  old  Paleozoic  series  mentioned  in  the  following  paragraph. 

Thrust-faulted  into  the  Archean  are  certain  old  metamorphosed  Paleo- 
zoic rocks  that  now  appear  as  quartzites,  schists,  itacolnmites,  marbles, 
and  as  iron  and  manganese  ores.    These  infaulted  areas  are  often  small 

"The  tollan-lDg  were  dlrrrlon  at  (Illt«retit  periods; 
ADRUBto  de  Abreu  Lacerda.  18112  to  1895. 
AlTBro  da  snrelra.  1S»5  to  ISOS. 
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ami  unimportant  isolated  massee,  but  again  they  are  hundrede  of  kilo- 
meters in  length,  while  in  area  they  cover  thousands  of  square  kilometers. 
On  accotmt  of  lack  of  knowledge  of  the  details  of  their  distribution, 
many  of  the  smaller  areas  are  included  in  the  area  of  the  Archean  rocks 
given  in  the  preceding  paragraph.  As  a  mle,  they  form  belts  or  zones 
anil  they  frequently  appear  as  parallel  ridges  or  mountain  ranges.  The 
rooks  thuB  infaulted  are  generally  metamorphosed,  and,  as  they  are  more 
resistant  than  the  surrounding  granites  and  gneisses,  they  usually  form 
the  prominent  features  in  the  topography  of  the  region. 

The  age  of  these  old  sediments  is  not  known,  and  they  are  therefore 
represented  on  the  map  simply  as  early  Paleozoic.  They  are  probably 
older  than  the  Carboniferous.  Their  structural  relations  to  the  Archean 
rocks  are  well  shown  in  the  accompanying  section  from  the  paper  by 
Harder  and  Chamberlin,  page  368. 


Uuar/2»  (/uarlzlte  SOU/  ' 

FiODBE  13.— Bllre-tauttrd  Bvcllon 
Thli  iKiloa  li  belwecD  VIlliL  Rio  Flradcaba  and  Morro  do  Seohara.— Harder  and 
Clumber]  In. 

The  next  newer  rocks  are  probably  a  series  of  sandstones  or  quartzites 
corresponding  to  and  continuous  with  the  diamond-bearing  quartzites  of 
the  State  of  Bahia^  These  rocks  are  exposed  at  Grao  Mogol,  in  the  north 
of  Minas,  where  they  are  diamond-hearing  just  as  they  are  in  Bahia,  and 
like  those  in  Bahia  they  are  referred  provisionally  to  the  Carboniferous. 

The  structural  relations  of  these  quartzites  are  fairly  well  shown  in  the 
motion  published  by  Helmreichen  in  1846,  and  by  GorceLt  in  1884. 

Bocks  of  this  series  are  probably  exposed  at  many  places  about  the 
edges  of  the  Permian  and  even  inside  of  it.  They  can  not  be  clearly  dis- 
criminated with  our  present  knowledge,  for  much  confusion  has  been 
caoBed  by  the  use  of  the  word  "ifacolumite"  for  sandstones  and  quartzites 
of  many  kinds  and  of  several  different  geologic  horizons. 

In  view  of  all  the  data  available,  it  sppms  probable  that  the  diamonds 
of  Minas  Geraes  have  come  directly  from  these  Carboniferous  quartzites. 
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just  as  they  do  in  Bahia,  and  that  they  occur  in  the  Permian  where  they 
have  been  redepoeited,  and  that  onteide  of  existing  Carboniferona  and 
Permian  areaa  they  occur  where  the  older  beds  have  been  removed  daring 
long  periods  of  denudation. 

The  next  higher  beds  are  the  Lower  Permian  sediments,  whose  contact 
with  the  Archean  enters  the  southern  end  of  the  State  from  Sao  Paulo 
just  north  of  the  city  of  Jacuhy,  and  runs  northward  and  eastward  past 
Formiga,  Pitangoy,  Santa  Luzia,  west  of  Diamantina,  east  of  Montee 
Claros,  Monte  Alto,  in  Bahia,  and  seems  to  end  east  of  the  Rio  Sao  Fran- 
cisco at  a  point  about  thirty  kilometers  south  of  Bom  Jeeus  da  Lapa. 
The  Lower  Permian  has  not  hitherto  been  recognized  as  such  in  the  State 
of  Minas  Geraes,  and  the  reference  of  certain  beds  to  that  horizon  is 
based  partly  on  the  character  of  the  rocks  and  partly  on  their  tying  up 
with  the  known  Lower  Permian  of  the  State  of  Sao  Paulo.  The  p(«ition 
of  the  base  of  the  series  as  shown  on  the  map  has  been  gathered  from 
miaeellaneous  notes  on  the  geology  of  the  region,  and  can  not  therefore 
be  accepted  as  anything  more  than  an  attempt  to  locate  the  margin  of  the 
aeries  believed  to  be  Lower  Permian.  The  question  of  the  Permian  as  a 
whole  and  the  evidence  bearing  on  it  is  discussed  under  the  head  of 
"Permian,"  at  page  3R.  * 

The  rocks  of  the  series  are  shales,  sandstones,  limestones,  and  con- 
glomerates that  have  been  but  little  affected  by  folding  or  faulting.  In 
Minas  these  beds  form  extensive  tablelands  and  are  deeply  trenched  by 
the  streams.  There  seems  to  be  strong  presumptive  evidence  of  glacial 
deposits  at  the  base  of  the  scries  at  several  places,  but  it  requires  con- 
firmation, so  far  as  Minas  is  concerned. 

The  large  area  of  limestone  in  the  valley  of  the  Rio  Sao  Francisco  in 
the  north  end  of  the  state  and  north  of  the  confluence  of  the  Sao  Fran- 
cisco and  the  Rio  das  Velhas  has  not  been  studied.  It  is  assumed  that 
these  limestones  are  of  the  same  age  as  those  east  of  the  river,  namely. 
Permian.    See  discussion  under  Permian. 

There  are  a  few  small  lake  deposits  in  the  state  of  Tertiary  age.  The 
best  known  are  those  at  Gandarella  and  at  Fonseca,  which  have  been  de- 
scribed by  Qorceix.^* 

The  Gandarella  basin  is  northwest  of  Ouro  Preto,  about  half  way  be- 
tween Conceigno  and  Santo  Antonio.  The  rocks  are  clays,  gravels,  sands, 
and  lignites.    One  bed  of  lignite  is  a  meter  in  thickness. 

The  Fonseca  basin  is  northeast  of  Ouro  Preto,  near  the  village  of  that 
name  and  close  to  Rio  Piracicaba,  east  of  the  town  of  Agna  Qnente.  The 
d'lKua  dace.     Aonsfs  da  EncoU  de  Hinas  no.  3.  pp. 
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deposits  are  horizontal  beds  laid  down  in  a  basin  of  Archean  rocks.    They 
consist  of  beds  in  the  following  order  from  the  top '.  * 

Met«n 

I.  Canga,  or  Iron  conglomerate 

i.  Posslliferous  clar  shales 5 

':.  Sands  and  clays 22 

/.  BltnmlnouB  shales ±S 


The  remarkable  cave  deposits  of  Minas  Geraos  and  their  Pleistocene 
fossils  have  been  collected  and  studied  by  Peter  Lund,  a  Danish  natural- 
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ist,  who  spent  forty-seven  years  (1833-1880)  in  his  Brazilian  explora- 
tions. His  materials  were  described  by  various  specialists,  notably  by 
Hansen,  Liitkeii,  Quatrefages,  Reinhardt,  Warming,  and  Winge. 

The  hard  cones  of  earth  built  over  the  surface  of  the  ground  by  ter- 
mites ("white  ants")  in  many  parte  of  the  interior  are  impressive  and 
are  probably  of  some  geologic  importance.  The  true  ants  also  malie 
extensive  underground  galleries. 

Economic  geology. — Minas  Geraes  is  the  chief  mining  State  of  Brazil.'* 
It  has  an  unusually  large  number  of  minerals  of  economic  importance, 
though  only  gold,  manganese,  iron,  and  diamonds  have  ever  been  exten- 
sively worked.  It  was  in  Minas  that  gold  was  first  discovered  in  Brazil, 
about  1693,  and  the  earliest  mining  done  in  that  country  was  for  gold  in 
what  is  now  that  state.  For  some  years  Brazil  was  the  leading  gold- 
producing  country  of  the  world.  Though  there  have  been  and  still  are 
a  few  notable  rock  mines  in  the  old  Paleozoic  series  where  the  gold  origi- 
nated, most  of  the  gold  of  Brazil  has  come  from  placer  deposits.  Among 
the  many  writers  on  the  gold  deposits  of  Minas  whose  papers  are  worthy 
of  especial  attention  are  Claussen,  Eschwege,  Ferrand,  and  Ferraz. 

The  discovery  of  diamonds  in  Minas  became  known  about  1734,*  and 
from  a  few  years  after  that  until  the  discovery  of  the  diamond  mines  of 
South  Africa,  Minas  was  the  leading  diamond-producing  region  o£  the 
world.  The  diamonds  have  come  chiefly  from  the  placer  deposits,  though 
many  stones  have  been  found  in  situ,  especially  about  QrSo  Mogol.  The 
diamonds  are  not  bo  widely  distributed  as  gold.  Something  about  the 
theories  of  the  origin  and  distribution  of  diamonds  will  be  found  under 
the  head  of  "diamonds,"  at  page  234,  The  following  authors  have  written 
on  the  diamond  deposits  of  Minas :  Galogeras,  Campos,  Claussen,  Derby, 
Eschwege,  Gorceix,  Mawe,  Hussak,  Heusser  and  Claraz,  and  Oliveira. 

The  manganese  deposits  of  Minas  first  attracted  attention  in  1893,  and 
in  1894,  1,430  tons  of  the  ore  were  exported,"  and  since  1896  that  state 
has  been  one  of  the  great  manganese-producing  regions  of  the  world. 


"  For  reterenccB  to  the  mlnliiB  lawa  of  Bnill  and  oC  MInaa  Gcraea,  see  "UIdIbc  lawB." 
at  page  16  et  aeq. 

•The  diBcoTFri'  o(  dlBmondg  waa  elnlmed  to  hare  beeo  made  In  1T23  or  1T24  b;  Brr 
Dardo  da  Fonaeca  Lobo,  aod  his  claim  wan  rpcognlzed  hj  the  crown  ot  Portosal  FebTuair 
Sn,  17.14  (Revlsta  do  Arcblro  Publico  Mlnelro.  Anna  II,  laac.  2.  pp.  ZT1-2T3.  Oun 
Preto.  1807),  As  a  reward  "The  Klnfi.  oiir  Lord  .  .  .  eeei  at  to  bestow  npon  bin 
the  post  ot  chleC  captalo  ot  tbe  Villa  do  Principe  [now  called  Serro]  dating  hia  llfetlnw. 
resldeoce  ot  the  same  everr  triennlum,  the  ofllce  o(  notary  at  the  Villa  do  Principe,  and 
one  hundred  mllrele  penaion  iiion?^  for  hla  tiro  slatera,  Maria  NuneB  Machado  and  Mai- 
gartda  Nunea  Machado,  .  .  .  trom  which  each  of  them  shall  cede  twelve  mllTelB  ts 
tbe  perBona  they  are  to  tnarrj-  that  they  may  recelye  the  halilts  of  the  Order  of  Cbrisl 
which  he  will  have  bestowed  upon  tbem  at  Occidental  Llabon  April  12.  1T34." 

» Herbert  K.  Scott :  The  manganeae  ore«  ot  Braall.  Journal  of  tbe  Iron  and  Steel 
Inatltnte,  toI.  Iril,  p.  ISO.     t^ondon.  1000. 
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Tlie  ores  occur  at  two  horizons,  namely,  in  the  Archean  complex  and  in 
the  early  Paleozoic  series  of  rocks.  The  mines  worked  are  in  the  vicinity 
i)(  Lafayette,  in  the  Archean,  and  at  Miguel  Bnmier,  on  the  Central 
Kailway,  In  the  Paleozoic.  Later  discoveries  have  been  made  on  the 
proiKTties  of  the  Saint  John  del  Key  Mining  Company  at  Capltao  do 


FioiHE  \i.~Bra!lllan  melliod  of  Diamond  inaihlng  uHlA  (he  trooden  Bolero 

Matto  and  Cachoeirinha  near  Morro  Velho.     Valuable  papers  on  the 
.  manganese  deposits  of  Mtnae  are  by  Derby,  Greven,  Lisboa,  Lustosa, 
Michaeli.  Scott,  Slngewald,  and'Thomas. 

The  iron  deposits  of  Minas  have  lonfr  been  known,  but  only  within  a 
few  years  have  they  attracted  the  attention  to  which  they  are  justly  en- 
titled. They  are  probably  the  most  important  iron  ores  known,  though 
they  are  as  yet  but  little  used.    A  paper  by  Dr.  Francisco  de  Paula  Oli- 


FiooBS  19.-^ecllBn  at  the  Miguel  Barnltr  Uaiigaiieie  iflKf 
Tbli  (KlloD  l>  at  kUometcr  IKIl  of  tbe  Centra!  Railway.     Afler  Scott. 

veira,  published  in  the  Annaes  da  Escola  do  Minaa,  number  3,  pages  135- 
194,  tells  of  the  efforts  to  make  iron  in  the  state-  The  iron  ores  are  in 
sedimentary  rocks,  either  in  and  forming  parts  of  the  early  Paleozoic 
rocks  or  they  are  later  deposits  derived  therefrom.  The  most  important 
papers  on  the  geology  of  the  ores  are  those  of  Chainljcrlin,  Berby,  Dupr4, 

XIX— Bt  LI,.  Okol.  Sor.  All,.  Vol.  30.  1018 
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Eschwege,  Ferrand,  Gra^a,  Qorceit,  Harder,  Leitb,  Lieboa,  and  Scott. 
Derby  points  out,  however,  in  his  paper  on  "The  iron  ores  of  Brazil," 
pubUshed  in  "The  iron-ore  resources  of  the  world"  (Stockholm,  1910, 
page  817),  that  the  work  on  the  Minas  iron  ores  reported  in  his  paper 
was  done  almost  exclusively  by  Dr.  Gonzaga  de  Campos. 

Many  other  minerals  are  known,  but  as  yet  they  are  not  developed. 
Among  these  the  following  appear  to-be  the  more  important: 

Nickel  has  been  found  in  the  Archean  area  of  southern  Minas.  The 
deposits  are  described  by  H.  E.  Williams,  of  the  Servi^  Geologico  do 
Brasil,  the  title  of  whose  paper  is  given  below. 

Platinum  has  long  been  known  to  occur  in  connection  with  the  aurif- 
erous iron  sands  of  the  old  Congo  Soco  mines  and  in  the  alluvial  diamond 
deposits.    No  effort  has  been  made  to  recover  it. 

Marbles  and  limestones  are  found  in  great  abundance,  but,  aside  from 
their  local  use  for  the  manufacture  of  lime,  they  are  undeveloped.  The 
marbles  are  mostly  from  the  Archean  regions.  Especially  attractive 
varieties  of  marble  are  reported  from  Gandarella."  Amorphous  lime- 
stones are  abundant  is  the  Permian  regions,  in  the  upper  part  of  the 
Valley  of  Hio  das  Velhas,  and  in  the  northern  part  of  the  state,  near  the 
Bio  Sdo  -Francisco.  At  Paineiras,  near  TJberaba,  limestone  is  quarried 
in  what  are  supposed  to  be  Cretaceous  rocks. 

Asbestos  is  reported  from  the  vicinity  of  Santa  Luzia. 

Talc  is  abundant  in  the  Brazilian  complex  associated  with  metamor- 
phic  rocks. 

Mica  is  known  at  Bicas,  Fonseca,  Manhuassli,  Santa  Luzia,  and  it  is  to 
be  looked  for  in  pegmatite  dikes  anywhere  within  the  Archean  area  of  the 
etate. 

Niter  deposits  are  found  in  the  limestone  caves  of  the  state. 

Graphite  is  found  in  veins  in  the  Archean  rocks  in  the  vicinity  of 
Minaa  Novas  and  at  Sao  Miguel.  The  deposits  are  described  by  Dr.  J,  C. 
da  Costa  Sena.^^ 

Extensive  deposits  of  bauxite  have  been  found  by  Dr.  George  Chalmers 
at  Motiica  on  the  property  of  the  Saint  John  del  Rey  Mining  Company 
ncar  Villa  Nova  de  Lima.* 

Phenacites  are  found  at  Piracicaba. 

The  mineral  waters  of  Minas  are  among  the  important  economic  peo- 
logic  products  of  the  state.    The  thermal  waters  of  Po^o  de  Caldas  ar^ 

"  F.  de  PaulH  OUrelrn  :  Revlpila  InditstrEal  de  MlnM.  Tol.  It.  p.  275.  30  de  Marco  df 
180T. 

"  Annaee  da  Eaco[«  de  MIdos,  vol.  II.  pp.  128-12B.     Rto  de  Janeiro.  1886. 

•  Elgin  y -el Khth  Ann.  Repl.  of  tlie  dlrrt-lors  of  Ihe  SalDt  John  del  Hfj-  Mlulnic  rompaDT, 
London.  .Tune.  1010.  pp.  5f>-Q0. 
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worthy  of  special  attention.  The  watera  of  Caxambii  and  Limbary  are 
wt'll  and  favorably  known  in  the  Brazilian  market. 

Besides  those  noted  by  Gorceix  in  the  Tertiary  baaina,  bituminous 
rhales  are  said  to  occur  in  the  Serra  de  Sete  Lagoae.* 

A  valuable  book  in  connection  with  the  history  of  mining  in  the  State 
of  Minas  is  the  Historia  do  Districto  Diamantino,  by  Dr.  Joaquim  Fe- 
licio  doe  Santoa,  published  at  Rio  de  Janeiro  in  1868.  Those  who  visit 
the  region  will  be  interested  to  read  Mawe's  Travels,  firat  published  at 
Tendon  in  1812,  and  at  Philadelphia  and  Boston  in  1816.  Mawe  was  an 
English  mineralogist  and  was  the  first  foreigner  permitted  to  visit  the 
diamond  regions  of  Brazil. 

The  climate  of  Kflnas  Qeraes  is  remarkably  fine  and  healthful;  the 
region  is  high  and  well  watered  and  in  many  places  well  timbered. 

Qeolagic  Maps  of  Minas  Qeraes 

Pissis,  1842. — In  1842  the  French  Academy  of  Science  published  A. 
Pissis'  "M^moire  sur  la  position  gtologique  des  terraines  de  la  partle 
anstrale  du  Br^il,"  etcetera,  and  that  paper  was  accompanied  by  what  is 
called  a  geologic  sketch-map  (Esquisse  gtognostique)  of  the  gold  r^on 
of  Minas  Geraes.  It  embraces  an  area  of  something  more  than  9,400 
square  kilometers,  from  10  kilometers  south  of  Ouro  Branco  to  Cocaes 
on  the  north.  The  map  is  on  a  scale  of  1  to  250,000  and  four  geologic 
divisions  are  shown,  namely:  gneiss,  talc,  qnartzite,  itabirite,  and  lime- 
stone. 

That  same  paper  contains  another  geological  map  that  embraces  the 
region  from  Bahia  on  the  north  to  Piracicaba,  Sao  Paulo,  on  the  south, 
and  all  of  the  province  of  Minas  Geraes  east  of  Bio  Sao  Francisco.  The 
scale  of  this  map  is  1  to  3,500,000  and  the  following  geologic  divisions 
are  shown :  four  for  the  "terrain  primitif" ;  two  for  the  "periode  phylla- 
dienne";  one  for  diorite;  two  for  the  Tertiary. 

Harder  and  Chamherlin,  1915. — The  small  map  published  by  Harder 
and  Chamherlin  in  connection  with  their  article  on  the  geologv  of  central 
Minas  Geraes,  in  the  Journal  of  Geology,  May-June.  July-Auirupt,  vol- 
ume XXIIT,  pii2e  3-11.  etcetera,  shows  tlic  general  geology  of  the  region 
extending  from  Queluz  to  Diamantina  and  about  one  degree  wide.  The 
seale  is  about  1  to  22,000,000  and  seven  geologic  divisions  are  shown. 

BibliotfTtiphi/  of  the  Geology  of  Minas  Qeraes 

A.  DB  Bovet:  a  Induatrla  mineral  na  Provlncla  de  Mlnaa  Geraes.    In  parte, 
ouro  e  ferro.    Annaes  dn  Escola  de  Mlaas  de  Ouro  Preto.  1883,  No.  % 

B.  Lldls:  Cllmata.  G^olagle,  etc.,  da  Br#Rll,  Parla.  1S72,  p.  130. 
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PARA 

Previous  invpsliijalions. — A  gooil  resume  of  the  peology  of  Pari  is 
fjiven  by  Katzer  in  his  Grundziige  der  Geologic  doB  untoren  Amazonas- 
■pebietes,  Ijeipzig,  1903.  I  have  followed  his  map  in  the  main,  but  with 
modificatiouR  on  certain  points.  The  distribution  of  the  various  forma- 
tions on  the  Bouthern  side  of  the  Amazon,  as  shown  on  KatKor's  map,  is 
especially  uncertain.  The  Carboniferous  has  been  certainly  rccopiized 
south  of  the  Amazon  in  the  State  of  Para  only  on  the  Tapajos;  the  Silu- 
rian, Devonian,  and  Cretaceous  have  not  been  certainly  rceognized  in 
Para  on  the  south  side  of  the  Amazon  at  all.  The  apes  of  the  rocks  of 
areas  so  repi'esented  must  therefore  be  considered  aa  yet  in  {louht.  The 
area  shown  as  Carboniferous  or  Permian  about  the  confluence  of  Rioa 
.Araffnaya  and  Tncantins  I  have  shown  as  Permian,  boeau.ie  it  thus  fits 
on  to  the  known  Permian  of  Maranhao  without  doing  violence  to  Katzcr'a 
views.    The  occurrence  of  Devonian  U'ds  on  the  Arapiaya  is  very  douht- 
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ful,  and  the  Cretaceous  probably  does  Bot  reach  that  river  on  the  west. 
I  have  purposely  omitted  Katzer's  distribution  of  eruptive  rocks  in  the 
State  of  Para,  Data  for  such  a  map  are  uot  available  in  any  part  of 
Brazil.  Katzer's  geologic  map  of  Fard  should  only  be  used  in  connection 
with  the  text  which  it  accompanies."  The  best  original  papers  on  the 
geology  of  Pari  are  those  of  Derby,  Hartt,  Smith,  and  Katzer.  The 
fossils  are  described  by  Clarke,  Derby,  and  Bathbun.  The  geology  along 
the  Oyapok  and  on  the  boundary  with  French  Guiana  is  outlined  in 
Velain's  description  of  the  rocks  collected  there  by  Crevaui.  The  out- 
lines of  the  floodplain  of  tlie  Amazon  between  54  degrees  and  5G  degrees 
are  taken  from  Herbert  K.  Smith's  map  in  his  "Brazil,  the  Amazon  and 
the  Coast." 

General  geology. — The  Amazon  River  follows  a  synclinal  trough  across 
the  State  of  Pari.  The  northern  and  southern  parts  of  the  State  are 
Archean,  against  which  are  deposited  Silurian  rocks  on  the  north  and 
Devonian  and  Carboniferous  on  both  the  north  and  south  sides.  From 
western  Para  the  Paleozoic  sedimentary  beds  extend  into  the  State  of 
Amazonas,  but  they  are  not  certainly  known  east  of  the  Tapajos,  on  the 
south  side  of  the  Amazon,  or  east  of  Rio  Maecuru,  on  the  north  side, 
though  it  seems  reasonable  to  suppose  that  they  do  extend  farther  east  on 
both  sides.  Rocks  of  later,  but  of  uncertain,  age  are  found  at  many 
places  through  the  middle  of  the  valley.  Following  the  coast  north  and 
south  of  the  mouth  of  the  Amazon  are  horizontal  sedimentary  beds  prob- 
ably of  Tertiary  age.  Fossils  found  at  PlrSbas  and  at  other  points  on  the 
coast  oast  of  Salinas  show  that  some  of  these  beds  are  certainly  Eocene, 
as  Miss  Maury  has  pointed  out.     (See  bibliography.) 

Economic  geology. — Gold  is  found  in  the  Archean  area  along  the 
streams  that  flow  directly  into  the  ocean  from  the  Guiana  highlands. 
Limestones  occur  in  the  Carboniferous  bods  at  Itaituba,  and  are  reportt'd 
in  the  mountains  of  the  southeastern  part  of  the  state.  Very  little  is^ 
known  as  >(■!.  h-iwcver.  of  thi'  freolojry  of  the  suutlK-ni  part  of  th  ■  i^Uti- 
of  Pari,,  and  the  economic  geology  is  therefore  necessarily  unknown  and 
undeveloped. 

Geologic  Maps  of  Para 

Ch.  Velain,  1885.— In  ISS.l  M.  Ch.  Velain  published  in  the  Bulletin 
de  la  Soci4te  Gcographique  de  France  a  paper  on  the  geology  of  French 
Guiana,  "Esriuisse  gwhifricjue  de  la  (luynne  fran^aise,"  using  the  data 
collcctwl  by  Dr.  J.  Crevau.\  in  his  explorations.    The  article  is  aecompa- 

"P.  Katier:  aniDdi[lfn'  der  Gpologle  dp*  untsren  Am^ionsB-geWetes.     LelpElg,  i003. 
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nied  by  a  geologic  map  that  embraces ' nearly  all  of  northeastern  Par& 
from  Obidos  to  the  mouth  of  the  Amazon,  It  is  on  a  scale  of  1  to  6,000,- 
000  and  shows  ten  lithologic  subdivisions. 

Katzer,  1903. — In  hie  Grundziige  der  Geologie  des  untereu  Amazouas- 
gebietes,  Dr.  P.  Katzer  gives  a  geologic  map  of  the  State  of  Parfi  on  a 
scale  of  1  to  4,400,000.  Many  subdivisions  of  the  eruptive  rocks  are 
given ;  of  the  sedimentary  beds  he  makes  eight  divisions,  including  the 
alluvial  deposits. 

BihliogTaphy  of  the  Geology  of  Para  * 

['RiNCE  ADjj.BEitT  OF  Pbvssia  :  Travets  of  Hl9  Royal  Highness  Prince  Adalbert 
of  Prassla  in  the  south  of  Europe  and  in  Hrazll,  wltb  a  voyage  up  the 
Amason  and  the  Xtngu.  Translated  by  Sir  Robert  B.  Scbomburgk  and 
John  Edward  Taylor.  Two  volumes,  S°.  Volume  t.  33S  pages;  volume  Tl, 
337  races.  London,  IMS.  (The  RraElllan  portion  begins  lu  volume  I, 
page  211.  and  extends  to  the  end  of  volume  II.)  It  contains  notes  on  the 
character  of  the  rocks. 

Professor  and  Mrs.  I^tjis  Agasbiz  t  A  Journey  in  Brazil,  xlx  +  540  pages, 
lllnstrated.  Boston:  Ticknor  &  Fields,  1868.  Chapter  XIII,  Physical 
history  of  the  Amazons,  pages  397^41,  and  many  geological  notes. 

J.  C.  Rranner:  The  poror6co,  or  bore,  of  the  Amazon.  Science,  November, 
18H4,  volume  IV,  pages  488-492,  illustrated ;  also,  separate,  with  additional 
notes.     Illustrated,  12  pages.  8°.    Boston,  1SS5.  « 

iIJeoboes  Bboubbeau  :  Les  Ricbesses  de  la  Guyane  Frangalse  et  de  rauclen  con- 
tests Franco-Br^sUien.  Onze  ans  d'exploratlon.  Illustrated  and  map.  248 
pages,  VIII.  Paris,  SociSt^  d'Mitlons  scientiflques,  1001.  4'De  partie, 
anclen  contest^  franco,  br^lllen,  page  1S5  et  seq.  Constitution  gSologique 
gSnSrale,  page  193  et  seq.     L'or,  etc.,  pages  217-234.    Houllle,  pages  235-236. 

Charles  B.  Bbown  and  f.  G.  Sawkins  :  Reports  on  the  physical,  descriptive, 
and  economic  geology  of  British  Guiana.  Published  by  order  of  the  Lords 
Commissioners  of  Her  Majesty's  Treasury.  Ixmdon,  1875.  (297  pages, 
lllUBtrated,  and  maps.)     Geology  on  the  BrHzlllan  frontier. 

W.  CHAnDLEsa :  Notes  on  the  rivers  Arlnos,  Jurncma,  and  Tapajos.  Journal 
of  the  Royal  Geographical  Society,  volume  XXXII,  pages  2G8-2S0.  Lon- 
don,  1862. 

John  M.  Ci.abke:  As  trilobitas  do  grez  de  F,rer4  e  Maecurfl,  Estado  do  Partt, 
Brazil.  ArchivoH  do  Musen  Naclonal  do  Rio  de  Janeiro,  volume  IX,  pag- 
inas  1-58,  2  plates,  2  figures.  Portuguese  and  Englliih.  Rio  de  Janeiro, 
1896. 

JoRK  M.  CI.ABKE:  A  fauna  silurlana  superior  do  Rio  Trombetas,  Estado  do 
Parrt,  Brazil.  Archivos  Mnseu  Nacional  Rio  de  Janeiro,  volume  X,  pages 
1-48,  1  Bgure.     (Portuguese  and  English.)     Rio  de  Janeiro.  ISng. 

JoHS  M.  CI-abre:  Molluscos  devonlanos  do  Estado  do  ParA.  Brazil.  Archivos 
Museu  Naeional  Rio  de  Janeiro,  volume  X.  paglnas  40-174,  8  plates,  4". 
(Portuguese  and  English.)     Rio  de  Janeiro,  1899. 

■  Many  of  the  rpCerencpB  to  Amaionng  contain  notes  on  Parfl  bIro. 
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Previous  inveatigations. — ^The  geogr&pliy  of  tlie  State  of  P&raby 
takea  from  the  maps  of  the  Inepectoria  de  Obras  Contra  as  Seccas,  i 
under  the  direction  of  Dr.  M.  Arrojado  E,  Lisboa. 

The  papera  of  Braoner,  Gmndall,  Soper,  and  WiUiamBOji  coi 
nearly  all  that  is  known  of  the  geology  of  the  State  of  Parahjba.  1 
are  a  few  valuable  notes  made  by  Agaaaiz  at  Parahyba  and  by  Bnrlan 
in  the  interior.  The  geologic  map  of  this  state  is  chiefly  from  the 
Bonal  obserrationB  of  tiie  autlior. 

General  geology. — The  Brazilian  complex  covers  all  of  the  Stai 
Parahyba  except  a  belt,  about  forty  kilometers  wide,  along  the  seac 
and  an  infolded  area,  probably  Cretaceous,  of  about  twelve  hnn 
square  kilometers  at  and  west  of  Sonza,  on  its  western  frontier. 
Archean  rocks  are  cut  by  basic  intruaives.  There  are  some  iso 
patches  of  Mesozoic  or  Cenozoic  deposits  in  the  mountain  tops  near 
west  of  Teixeira — remnants  of  beds  that  have  been  removed  by  den 
tion.  The  rocks  of  the  Brazilian  complex  in  Parahyba  are  mostly  hi 
inclined  (50  to  75  degrees)  crystalline  schists,  gneisses,  and  granitei 
by  quartz  veins  in  which  gold  haa  been  mined.  Williamson,  cited  ii 
bibliography,  gives  a  section,  opposite  page  116,  six  miles  long,  it 
Valley  of  Bio  Bruscus. 

Along  the  coast  is  a  belt  of  Cretaceous  and  Tertiary  sediments 
nowhere  exceed  a  width  of  50  kilometers.  The  Cretaceous  rocks 
mostly  impure  marly  limestones  that  are  exposed  in  the  quarry  at 
city  of  Parahyba  and  along  the  railway  between  Parahyba  and  Cabed 
These  limestones  contain  fossils,  cephalopods,  fish  remains,  and  cnisl 
that  indicate  their  Cretaceous  age.  Careful  search  has  not  been  mat 
other  places,  but  it  is  quite  probable  that  these  Cretaceous  beds  es 
■  both  north  and  south  of  Parahyba,  though  they  do  not  appear  on 
open  coast  Owing  to  poor  exposures,  it  is  not  possible  to  give  the  tl 
ness  of  the  Cretaceous  in  Parahyba;  the  total  thickness  visible  is 
about  twenty  meters,  but  neither  the  top  nor  the  bottom  of  the  series 

Overlying  the  Cretaceous  are  the  horizontal  particolored  Tertiary 
that  form  the  vertical  bluffs  of  Cabo  Branco  and  elsewhere  along 
part  of  the  coast. 

Economic  geolotjt/. — Gold  was  formerly  mined  from  the  quartz  \ 
in  the  Archean  area  near  Pianco,  but  the  mines  have  long  been  abandi 
and  no  mines  are  now  operated  in  the  state. 

It  is  claimed  that  there  is  much  iron  in  Parahyba,  but  there  is 
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trustworthy  informatioii  Available  in  regard  to  its  location,  qoality,  or 
qnantity. 

Limestone  is  quarried  from  the  Cretaceooa  beds  at  the  city  of  Para- 
hyba,  and  there  has  been  talk  of  the  utilization  of  that  rock  for  the 
manofactore  of  Portland  cement,  but  no  serious  attempts  have  been  made 
at  such  manufacture. 

Marble  is  found  at  variouE  placea  within  the  Archean  area,  and  it  ia 
said  that  it  has  been  used  locally  for  the  manufacture  of  lime,  but  other- 
wise it  is  undeveloped. 

Geologic  Maps  of  Parahyba 

Branner,  1903. — A  geologic  map  of  the  eastern  end  of  the  state  is 
friven  in  Branner's  paper  on  the  "Geology  of  the  Northeast  Coast  of 
Brazil,"  as  plate  4  of  volume  13  of  the  Bulletin  of  the  Geological  Society 
of  America,  1902.  It  shows  the  approximate  extent  of  the  Cretaceous 
and  Tertiary  sediments  in  that  State. 

R.  H.  Soper,  1913. — Publication  number  26  of  the  Inspectoria  de 
Obras  Contra  as  9eccas,  entitled  "Geologia,  etc.,  do  Bio  Grande  de  Norte 
e  Parahyba,"  by  Halph  H.  Soper,  contains  a  sketch-map  of  the  geology 
of  Parahyba  on  a  scale  of  1  to  1,000,000  and  with  four  Bubdivisions  of 
the  geology,  namely:  (1)  gneisses,  schists,  and  granites,  (2)  sandstones, 
(3)  limestones,  (4)  sands  and  clays. 

Bibliography  of  the  Geology  of  Parahyla 

3.  C.  BKAKRca:  Geology  of  the  northeast  coast  ol  Braell.  Bulletin  of  the 
Geological  Society  of  America,  Tolume  13,  pages  41-98.    Rochester,  1902. 

Dr.  E^DEUco  LzopouK)  Cesab  BoBi.AUAqui:  Notlcla  acerca  dos  aZbnaes  de 
racas  extinctaa,  descobertos  em  varios  pontos  do  Brazil.  Dated  Rio,  9  de 
Junho  de  1855.  Blbllotlieca  Ouaoabarense.  Trabalhos  da  Sodedade  Vel- 
loalana,  1856,  paginas  16-20,  2>  parte.    Rio  de  Janeiro,  1856(?). 

F.  X>-  C.  BcBLAUAQtii :  Notlcla  acerca  de  alguns  miaeraee  e  rochas  de  varlas 
Provlndaa  do  BrasU,  recebldos  no  Musea  Naclonal  duraate  o  anno  de  1865 
(dated  September.  1856).  Revlata  Brazlloira,  volume  II,  paginas  73-l<H. 
Rio  de  Janeiro,  1858. 

RoDEBic  Gbardaix:  Geograpbla,  geologia  .     .     nos  estados  orlentaes  do 

norte  do  Brazil,  Gearft,  Rio  Grande  do  Norte  e  Parahyba.  Publication 
No.  4,  series  I.  D.  B.  Inspectorls  de  Obras  Contra  as  Seccas.  Rio  de 
Janeiro,  1910. 

I.  JorriLT:  Notas  sobre  a  Parahyba.  Geology,  paginas  63-88.  Rio  de  Janeiro, 
1892. 

Herbt  Kobteb  :  Travels  In  Brazil.  Second  edition,  In  two  volumes.  London. 
1SI7.    A  few  notes  on  {be  gpology,  pages  64-86. 
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Mabt  J.  Rathbuh  :  Description  of  a  new  species  of  ZiutthoptU  from  Paraliyba 

do  Norte.     Bulletin  of  tbe  Geologlcs.1  Society  of  America,  volume  13,  pages 

43-44,  Illustrated.    Rochester,  1902. 
W.  Rkay,  Jb.  :  Mining  explorations  in  Brazil.    Tbe  provinces  of  Parabyba  and 

Pernambuco.     The  Mining  Journal,  Febniair  13,  18d4,  volume  XXXIV, 

page  106.    London,  1864. 
RMfB  H.  Sopeb;  Geologia  e  supprlmento  d'agua  snbterranea  no  Rio  Grande 

do  Norte  e  Parahyba.     Publieacilo  26  da  Inspectorla  de  Obra*  Contra  as 

Seccas.    62  paglnas.    Rio  de  Janeiro,  1913. 
H.  H.  Sopeb:  The  geology  of  Parahyba  and  Rio  Grande  do  Norte,  Brailt. 

Proceedings  of  the  American  Philosophical  Society,  volume  LV,  pages  1-20. 

Philadelphia,  1»16. 
E.  WiLLiAUSON :  Geology  of  Parabyba  and  PerDsmbuco  gold  regions.    Traos- 

actions  of  tbe  Manchester  Geological  Society,  volume  VI,  pages  113-122. 

Sessions  of  1886-7.    Manchester,  1868. 
S.  W.  WiLLisTON :  Description  of  a  new  species  of  Cimolichthys  from  Parabjba 

do  Norte.    Bulletin  of  tbe  Geological  Society  of  America,  volume  13,  psgex 

44^5,  illustrated.    Rochester,  1002. 

FARAN:i 

Previous  invesligalions. — The  most  important  papers  on  the  geoIofr>" 
of  Parani  are  those  of  Derby,  Oliveira.  Siemiradzki,  White,  and  M'ood- 
worth,  while  the  report  of  Clarke  on  the  Devonian  fossils  is  the  mori 
important  on  the  paleontology.  Of  these  the  lat«  report  of  Dr.  Euzebin 
Paulo  de  Oliveira  is  the  most  comprehensive,  and  brings  our  knowledfre 
of  the  geology  of  that  state  up  to  date.  By  an  unfortunate  oversight  his 
paper  was  published  without  the  author's  name.  It  is  entitled  "Geolcijris 
do  Estado  do  Parana"  and  appears  at  pages  67  to  143  of  the  Boletim  do 
Ministerio  da  Agricultura,  Industria  e  Commercio,  anno  V,  Rio  de  Ja- 
neiro, 191G.  TJnfortmiately  the  base  map  of  Parana  mentioned  by  that 
writer  does  not  accompany  the  report  and  has  not  been  available. 

Some  good  general  descriptions  of  Parani  are  given  by  Henr)'  l.*nge 
in  his  Siidbrasition.  Bigg-Wither's  book  is  a  valuable  work  on  the  State 
of  Parand,  but  it  has  very  little  on  the  geology. 

General  geology. — The  geolog}'  of  the  State  of  Parani  is  simple,  but  it 
includes  an  unusually  wide  geologic  time  range.  On  the  coast  and  form- 
ing the  high  escarpment  that  faces  the  ocean  are  the  Archean  granitv;, 
gneisses,  schists,  and  intrusivee.  Resting  directly  on  the  Archean  are 
certain  metamorphoaed  rocks — schists,  limestones,  and  qnartzites — that 
Euzebio  de  Oliveira  calls  the  Devonian  complex.  Their  precise  age  is  not 
known,  but  it  seems  probable  that  they,  or  some  of  them,  represent  the 
older  Paleozoic  of  other  parts  of  Brazil.  On  these  and  on  the  westwan! 
slope  of  the  Archean  rests  the  Devonian  rocks,  which  are  here  represenle'l 
by  a  basal  conglomerate,  the  Furnas  sandstones,  and  the  Ponta  Grof.-a 
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shales,  with  a  total  thickness  of  250  meters,  all  of  them  dipping  gently 
westward.  The  Ponta  Orossa  shales  have  furnished  abundant  fossils  that 
have  been  described  bj  John  M.  Clarke,  and  there  is  no  uncertainty  about 
the  age  of  the  rocks  from  which  they  come.  Overlying  the  Devonian  beds 
are  the  Lower  Permian  sandstones  and  shales,  with  evidences  of  glacia- 
tion,  followed  by  the  Upper  Permian  shales,  sandstones,  flints,  coal,  and 
fossil  plants.  Both  divisions  of  the  Permian  cross  the  entire  width  of 
the  state  from  Rio  Itarare,  Sao  Paulo,  to  Santa  Catbarina,  on  the 
Iguassu. 

West  of  the  Permian  are  the  Triassic  sandstones  (Botucatd),  with  their 
accompanying  sheets  and  dikes  of  eruptive  rocks.  In  ParanA  the  Tri- 
assic beds  have  thus  far  furnished  no  fossils. 

Siemiradski  thinks  the  region  of  the  Parani  highlands  is  profoundly 
faulted.    There  is  no  doubt  about  the  existence  of  faults  all  through  t)ie 


ral  tait-rtat  Stcllon  aovth  of  Tllmoil,  ParanA 
AccoTdlni  to  Euseblo  de  Ollreln, 

refjion,  but  thus  far  the  great  dislocations  suggested  by  that  geologist 
have  not  been  verified.* 

Economic  geology. — Molybdenum  is  said  to  occnr  in  the  Archean  rocks 
on  Rio  Capivary,  30  kilometers  from  Curytiba.  Coal  of  Pennian  age  is 
found  on  the  Rio  das  Cinzas,  in  the  northern  part  of  the  state,  and  dia- 
monds have  been  mined  along  some  of  the  streams  that  flow  from  and 
across  the  Devonian  area.  The  Iraty  shales  at  the  base  of  the  Upper 
Permian  are  bituminous,  and  asphalt  is  said  to  occur  in  veins  in  the 
Tapper  Permian  in  the  southern  part  of  the  state. 

Limestones  in  the  form  of  lenses  in  the  Archean  occur  on  the  Cnrityba 
plateau,  especially  at  Pangar^.  In  the  older  Paleozoic  series  are  also 
limestones  north  of  Curityba  and  between  Cachoeira  and  Rocinba  and  at 
Itaiacoca.    Limestones  are  also  common  in  the  Permian  at  many  places. 

Geologic  Maps  of  Parana 

I.  C.  White,  1908.— Accompanying  Dr.  I.  C.  White's  "Final  Report  on 
the  Coal  Measures    ...    of  South  Brazil"  is  a  map  of  the  States  of 

•  J.  TOD  Blvmlradtkl :  0»loBlscbe  RelacbeobachtangFD  Id  SudbraBlU«n.  Slti.  drr  IE. 
Akad.  Wlw.  WI«D.,  18M.  !0. 
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Rio  Grande  do  Sul,  Santa  Catbarina,  ParanA,  and  part  of  Sao  P 
showing  the  general  distribution  of  the  Pennian  coal-bearing  horizoi 
of  the  overlying  rocks.  Only  two  geologic  divisionB  are  shown,  the 
barao  (coal-bearing)  series  and  the  overlying  beds,  and  these  art 
given  in  detail.  The  scale  of  the  map  is  1  to  2,010,365.  The  date  o: 
map  is  1907,  but  the  report  itself  was  printed  in  1908. 

Euzebio  Paulo  de  Oliveira,  1913. — A  email  geologic  map  of  a  pa 
the  state  is  given  at  page  63  of  Dr.  John  M.  Clarke's  Devonian  F 
of  Parani.  It  is  on  a  scale  of  1  to  1,000,000  and  shows  three  gcc 
divisions,  namely:  Furnas  sandstones,  the  Ponta  Qrossa  shales,  am 
overlying  beds — called  CaTboniferous  in  the  legend.  Though  the 
represented  is  but  small,  the  map  affords  a  good  key  to  the  geology  o 
state  within  the  area  of  the  Devonian  rocks.  The  report  in  whici 
map  appears  was  published  at  Bio  de  Janeiro  in  1913. 

Euzebio  Paulo  dp  Oliveira,  1918. — The  Servigo  Geologico  e  Mil 
ogico  do  Brasil  published  at  Rio  in  1918  a  report  by  Euzebio  Pau 
Oliveira  entitled  "RegiOes  carboniferaa  dos  Estados  do  Sul,"  which 
tains  an  "esbo^o  geologico  da  ragiao — typo  do  Sul  do  Brazil,"  whi 
really  a  geologic  map  of  the  State  of  ParanJi.  It  is  on  a  scale  of  o 
Iwo  million  and  eight  geologic  divisions  are  shown.  This  is  the 
and  indeed  the  only,  geologic  map  of  the  State  of  Parana, 
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PBKTfAMBnCO 

Previous  invcsUgnlions. — The  geography  of  the  state  is  taken  from 
the  maps  of  the  Inspectoria  dc  Obras  Contra  aa  Seccas. 

The  peneral  geolopi-  of  the  State  of  Pcrnambuco  iB  fairly  well  shown 
in  Branner'B  geology  of  the  northeast  coast  of  Brazil,  which  was  made 
from  personal  observations.  Notes  on  the  geology  of  the  interior  of  that 
State  are  given  by  Halfeld  along  the  Siio  Francisco,  by  Coutinho  on  the 
line  explored  for  a  railway  from  Recife  to  the  Sao  Fraiiciseo,  by  Lom- 
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bard  in  his  "Explora^ao  da  parte  snl  do  estado  de  Pemanibuco,"  and  liv 
Dombr6  in  his  "Viagens."  A  atrip  in  the  west  end  of  tbe  state  is  shown 
on  Small's  map  of  the  geology  of  Piauhy.  The  fossils  from  Farinha  are 
dsecribed  by  Cope,  Dall,  C.  A.  T\'hite,  and  Hathbun,  and  iliss  Maun 
contributes  a  valuable  note  on  the  correlations  of  the  Maria  Farinha  be^U. 

The  island  of  Fernando  de  Noronha  belongs  to  the  State  of  Pemam- 
buco;  the  geology  of  that  island  is  described  by  Branner,  Darwin,  Davis, 
Lea,  Renand,  Ridley,  Geo.  II.  Williams  and  Gill,  and  Costa. 

The  stone  reefs  of  the  State  of  Femambnco  and  the  east  coast  are  de- 
scribed by  Branner. 

Oeneral  geology. — Bocks  of  Archean  age  cover  most  of  the  State  of 
Pemanibuco.  Along  the  coast  is  a  belt  of  Tertiary  sediments ;  north  of 
Olinda  this  belt  is  about  forty  kilometers  wide,  and  in  some  places  is 
underlain  with  Cretaceous  rocks;  south  of  Olinda  this  belt  is  only  ten  or 
twelve  kilometers  wide  and  the  rocks  are  probably  all  Tertian,-.  In  the 
extreme  western  end  of  the  state  the  mountains  along  the  Piauhy  and 
Ceard  frontiers  are  capped  by  Cretaceous  rocks  containing  fossil  tithes. 
At  several  places  through  the  interior  old  Paleozoic  remnants  are  faulted 
or  folded  into  the  Archean.  For  lack  of  data  these  infaulted  areas  have 
not  been  outlined;  one  of  them  is  in  the  Serra  Russa  between  Victoria 
and  Gravat^.  A  similar  area  is  west  of  Canhotinho.  The  outhcrs  of 
sedimentary  rocks  between  Jatobi  and  Buique  and  near  Aguas  Bella!> 
have  thus  far  yielded  no  fossils,  and  the  age  or  ages  of  those  beds  is  not 
definitely  known.  They  are  referred  provisionally  to  the  Upper  Permian 
because  they  arc  stratigraphically  in  the  place  occupied  by  the  Permian 
beds  at  Aracy,  Babia.  Lombard  supposed  the  beds  at  Buique  were  pre- 
Cambrian,  but  there  is  no  evidence  in  support  of  such  a  theorv  (Lom- 
bard, "Relatorio  apreaentado,"  page  131.  Recife,  1895),  Trach'i'tes  are 
exposed  on  the  coast  just  north  of  Cape  Santo  Agostinho,  and  the  islami 
of  Santo  Aleixo  is  of  rhyolite.  The  island  of  Fernando  de  Xoronha  is 
mostly  phonolite,  but  there  are  some  small  areas  covered  by  sandstones 
formed  by  the  hardening  of  sand-dunes. 

The  stone  reefs  characteristic  of  the  Brazilian  coast  from  Ceari  to 
Bahia,  inclusive,  are  well  developed  at  several  places  on  the  coast  of  Per- 
nambueo,  notably  at  Rio  Formoso,  Recife,  and  just  south  of  Cape  Santo 
Agostinho.  Several  Brazilian  seaports  are  formed  by  stone  reefs,  namely, 
those  of  Pemambnco,  Natal,  Porto  Seguro,  and  many  of  minor  impor- 
tance. These  reefs  are  old  sand  beaches  through  which  water  from  the 
land  has  filtered,  consolidating  the  sand  by  the  precipitation  of  lime  l>e- 
tween  the  sand  grains.  They  var>'  greatly  in  length  and  breadth ;  the 
one  at  Pernarabuco  is  from  20  to  60  meters  wide.  Their  surfaces  never 
rise  above  high -tide  level. 
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These  eaodstODe  reefs  have  been  in  process  of  formation  since  Pliocene 
times  and  are  still  being  fonued.  The  accompaoying  cross-sections  of 
the  reef  at  Eio  Formoso  show  their  general  structure  along  the  entire 
coast. 

Economic  geology. — Beautiful  crystalline  marbles  are  found  at  many 
lilaees  in  the  Archean  areas  of  the  state,  notably  at  Sao  Caetano,  Floresta, 
I'ajeu  de  Flores,  and  Aguas  Bellas.  Some  of  these  marbles  are  pure 
limestones,  and  are  much  used  in  the  manufacture  of  lime  for  local  con- 
sumption, while  others  are  dolomites.  The  rhyoiites  of  the  island  of 
Santo  Aleizo  and  the  phonolites  of  Fernando  de  Noronha  have  been  ex- 
tensively quarried  for  street  paving  blocks.  The  sandstones  of  the  reefs 
were  formerly  much  used  for  building  stones  and  for  paving  sidewalks  in 
the  city  of  Recife.    The  use  of  these  sandstones,  however,  has  been  wisely 


FiocBi  lS.~8cctloni  arron  a  lyfilcal  BaHdttont  Reef  at  Rio  Formoto, 

Store  of  Pemambm-o 

Tbe  ocTBD  1b  od  the  rlsbt.    Tbe  horlionUI  lines  Tcpres«Dt  high  and  low  tide. 

prohibited  on  account  of  the  protection  afforded  the  ports  and  the  coast 
by  the  stone  reefs. 

Limestones  of  Cretaceous  age  are  abundant  in  the  Serra  do  Araripe, 
in  the  northwestern  comer  of  the  state.  At  Maria  Farinha  on  the  coast 
north  of  OlJnda,  limestones  are  found  at  the  base  of  the  Mesozoic  sedi- 
ments. 

One  may  often  hear  of  the  exifitence  of  rock-salt  in  the  mountains  about 
Baiqne.  The  salt  that  has  been  made  at  Buique,  however,  is  obtained  by 
leaching  the  dry  earth  or  efflorescence  gathered  from  certain  sandstones 
and  evuporating  the  waters. 

Saltpeter  is  also  found  in  the  Butque  region,  but  the  deposits  are 
formed  only  on  certain  porous  sandstones  where  the  efflorescence  is 
scraped  from  rock  surfaces  on  which  it  is  formed  by  evaporation." 

p  MiDsa  Geraei,  toI.  t,  pp.  0-T.     Oura  Preto,  20 
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On  Ilha  Bapta,  one  of  the  islands  fonumg  the  Fernando  de  Nor 
group,  are  limited  phosphate  deposits  that  attracted  considerable  a 
tion  at  one  time.  Analyses  of  the  materials  are  given  by  Lima  Jos 
d'Abreu  and  by  Lasne.  Attempts  were  made  to  export  these  phospfc 
but,  owing  to  the  difficulty  of  loading  them,  the  enterprise  was 
abandoned. 

Geologic  Map  of  Pemambuco 

Branner,  1902. — A  geologic  sketch-map  of  "the  r^ion  about  Per: 
buco"  forms  plate  11  of  Branner's  paper  on  the  geology  of  the  norti 
coast  of  Brazil  (opposite  page  62  of  volume  13,  Bulletin  of  the  Gcolo 
Society  of  America,  1902).  It  is  on  a  scale  of  1  to  1,000,000  and  s 
only  two  divisions— the  Archean  and  the  Tertiary. 

Tlie  geology  of  the  extreme  western  end  of  the  state  is  shown  oi 
map  accompanying  Small's  Oeologia  e  supprimento  d'agua  .  .  . 
Ptauhy,  publicaciio  33,  da  Inspcctoria  de  Ohras  Contra  as  Seccas,  R 
Janeiro,  1914, 
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I..  Lombabd:  Reiatorio  apresentado  ao  Exm.  Sr.  Govemador  do  Estado,  etc. 
I'elo  Dr.  Rodolpho  Galvilo.  Sec.  dos  NeKOclos  da  ludustria,  Recife,  1S95. 
Atinetos  contain :  Projecto  de  organisogao  da  carta  geographlca  e  geologica 
do  Estado  de  Pernambuco,  paglnas  IOS-122  (an.  rep.).  Reiatorio  sobre  a 
explora^o  mlneraloglca  de  Garanhuns  A  Bulque  e  da  zona  salitrosa  de 
Bolqne,  paglnas  123-141.  8°,  with  2  maps.  Also  In  Revlsta  Industrial  de 
Mlnas  Geraes.  Anno  IV,  No.  24.  10  de  Malo  de  1897,  paglnas  310-313.  V, 
No.  2S,  20  de  Jnnho  de  1897,  paglnas  6-8.    Ouro  Preto,  1897. 

i:..  ixiuBAHD :  Reiatorio  sobre  a  explorsgAo  da  parte  sal  do  Estado  de  Pernam- 
buco entre  Palmares  e  Bom  Conselho.  Por  L.  Lombard.  Reiatorio  apre- 
sentado ao  Eim.  Sr.  Govemador  do  Estado  Dr.  Alexandre  Jos4  Barbosa 
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Ijlma  pelo  Dr.  Rodolpho  GalvBo,  Secretarlo  dos  Npgoclos  da  luduatrla. 

Rtictfe,  1805.    Relatorlo  de  Lombard,  pt^nas  51-S2  e  cartas. 
Cablotta  J.  Maubt:  A  contribatlon  to  tbe  paleontology  of  Trinidacl.    Jou 

of  tbe  Academy  of  Natural  Sciences,  Fblladelpbla,  volume  XV.  pages  3: 

I'blladelpbia.   1912. 
U.  T.  Priob:  Note  on  tbe  occurrence  of  rocks  allied  to  Mouchlquite  In 

island  of  Fernando  de  Noronba.    Mlneralogical  Magaitne  and  Jonmi 

tbe  Mineraloglcat  Society,  volume  XI,  number  02,  pages  1T1-1T5.    Lon 

1897.    Reprint,  pages  1-5. 
IticHABD  Ratuhun  :  Prell^ilnary  report  on  tbe  Cretaceous  lamelllbraucbs 

lected  In  tbe  vlcloity  of  Pernambuco,  BraEil,  on  tbe  Morgan  Kxpedltio 

ISTO,  Gb.  F.  Bartt  in  charge.     Proceedings  of  tbe  Boston  Sodety  of 

ural  History,  pages  241-25G.    Boston,  18T5. 
AI.EXANDEB  Rattbat;  On  tbe  geology  of  Feruando  de  Noronba.    Quarl 

Journal  ot  tbe  Geological  Societj',  volume  XXVlll,  November,  1871,  p 

31-34.     London,  1872. 
Alexandeb  Rattba;  ;  A  visit  to  Fernando  de  Noronba.    Journal  of  tbe  R 

Geographical  Society,  volume  XLll,  pagee  431-437.    Londou,  1872. 
W.  Reay,  Jb.  :  Mining  explorations  In  BraEil.    The  Province  of  Parabyba 

Pernambuco.    The  Mining  Journal,  volume  XXXIV,  February  13,  : 

page  im.    London.  19»». 
A.  Rbnabd  ;  Notice  sur  les  roches  de  I'lle  de  Fernando  de  Noronba,  recuel 

pendant  I'expMltion  du   Challenffer.    Bulletin  de  I'Academie  Royaii 

Belglque,  3me  s^rle,  volume  III.  No.  4.  12  pages,  1  plate  Separate.    B 

elles,  F.  Hayez  Imp.,  1882. 
A.  Rerabd  :  On  some  rock  specimeos  from  the  Islands  of  tbe  Fernaud< 

Noronba  group.    Geological  Magasine,  volume  III,  page  33.    London,  : 

Also,  Report  of  tbe  British  Association  for  tbe  Advancement  of  Sci 

(Aberdeen),  1885.  Section  C,  page  1031.     I»ndon.  1880. 
Professor  A.  Renabd:  Report  on  the  rock  specimens  collected  on  oceanic  Isl 

during  the  voyajre  of  Her  Majesty's  ship  Challenger  during  tbe  years  1 

1876.    The  voyage  of  Her  Majesty's  sblp  Challenger.    Pbyslcs  and  CI 

istry,   volume  II,  4°.    London,   1888.    Rocks  of  Fernando  de  Noro 

pages  29^  of  the  petrographlcnl  part. 
Spix  und  Mabtius:  Relse  in  BraslUeu,  volume  II,  pages  754-801,     Mt)n< 

1828. 
H.  N.  Ridlet:  (Notes  on  tbe  geoI(«y  of  Fernando  de  Noronba)  quote 

Thomas  Davies.  Geology  (o(  Fernando  de  Noronba).  page  90  of  tbe 

ural  history  of  tbe  Island  of  Fernando  de  Noronba.  based  on  tbe  collei 

made  by  tbe  British  Museiun  Expedition  in  1887.  from  tbe  Journal  ol 

LInniean   Society.     (I^indon),   1890.     Llnmean  Society   Journal,   Bol 

volume  XXVII. 
Henrt  N.  RmLET:  Tbe  raised  reefs  of  Fernando  de  Noronba.    Amei 

Journal  of  Science,  third  series,  volume  XLI,  pages  406-409.    New  Be 

1891. 
W,  H.  B,  Websteb:  A  narrative  of  the  voyage  to  the  southern  Atlantic  O 

In  the  years  1828-9-30.  performed  In  Her  Majesty's  sloop  Chanlic 

Two  volumes,  8°.     London,  1834.     (Fernando  de  Noronba,  volume  II.  p 

32*531,  14-16.) 
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Chabi^s  a.  White:  Contrlbnlcdes  &  Paleoato1<^la  do  BrnsU  (com  o  orlfcinal 
em  liiglez).  Arcbivos  do  Museu  Nadonal,  volume  VII,  4°,  pagiuas  1-2T3, 
and  28  plates.  Bio  de  Janeiro,  1887.  Three  hundred  and  flftj'  copies  of 
tilts  report  were  Issued  as  a  special  e<]ltion,  dated  Washlugton,  January  21. 
1838,  under  the  title  "Contributions  to  the  paleontology  of  Brazil;  com- 
prising descriptions  of  Cretaceous  invertebrate  fossils,  mataly  from  tlie 
provinces  of  Serglpe,  Pernambuco,  Par&,  and  Bahla." 

I>r.  Oio.  H.  Williams  :  Description  of  the  rhjollte  from  Santo  Aielio  and 
Ilhas.  Province  of  Pernambuco.  The  Cretaceous  and  Tertiary  geology  of 
tbe  Sergipe-AlagOas  basin  of  Brazil,  by  J.  C.  Branner.  Transactions  of 
the  American  Philosophical  Society,  1880,  volume  XVI,  page  404,  footnote. 

Geo.  H.  Wiluaus  :  Geology  of  Fernando  de  Noronha.  Petrography,  part  II. 
[For  part  1,  V.  Branner.]  American  Journal  of  Science,  volume  GXXXVII, 
pages  178-189.  New  Haven,  1889.  Abstract  of  parts  I  and  II  In  Neues 
Jahrbuch  fllr  Mlneralogie,  1800,  volume  I.  page  85.     [Referate-] 

K.  WiLLiAusoN :  Geology  of  Paralha  and  Pernambuco  gold  regions.  Trans- 
actions of  tbe  Manchester  Geological  Society,  volume  VI,  pages  113-122. 
Sessions  of  188G-1887.    Manchester,  1868. 

PIADBT 

Previous  invesligat'wns. — The  map  of  Piauhy  east  of  Floriano  is  taken 
from  Small's  Mappa  geologico  do  Piauhy,  published  in  1914  by  the  In- 
spectoria  tie  Obras  contra  as  Seccas  under  Dr.  M.  A.  R.  Lieboa,  while  the 
part  west  of  Floriano  is  from  the  map  published  by  Dr.  Jos^  Estacio  de 
Lima  Brandao  under  the  Inspeetoria  Federal  das  Estradas  in  1913. 

There  are  two_  important  papers  on  the  geology  of  Piauhy,  that  of  Dr. 
liisboa  on  the  Permian  geology  of  northern  Brazil,  and  that  of  H.  L. 
Small  on  the  "Qeologia  e  agna  subterranea  de  Piauhy  e  Ceara."  Since 
these  papers  eame  out  I  have  received  specimens  of  Psaronius  from  Rio 
Pamahyba  below  Philomena  which  show  the  further  extension  of  the 
Permian  in  the  southern  part  of  the  state.  The  notes  of  George  Gardner, 
of  Spix  and  Martius,  and  of  J.  \V.  Wells  are  fragmentar\',  but  useful. 

General  geology. — The  Archean  rocks  are  exposed  in  Piauhy  only  in 
the  southeastern  part  of  the  state,  where  it  joins  Cearfi,  Pernambuco,  and 
Bahia,  and  in  a  small  area  near  the  north  end  of  Serra  Grande. 

The  oldest  sedimentary  bods  known  in  the  state  are  those  of  the  Serra 
Grande,  supposed  to  be  of  lower  Permian  age.  These  rocks  are  conglom- 
erates, sandstones,  limestones,  and  calcareous  shales.  The  strata  are 
often  false-bedded,  and  tlie  series  has  a  maximum  thickness  of  700  meters. 
The  beds  dip  toward  the  west  or  northwest,  at  an  angle  of  from  four  to 
«even  degrees.  No  fossils  have  been  found  in  the  rocks  of  this  group  in 
Piauhy  and  their  age  is  not  certainly  known. 

Overlying  the  Serra  Grande  .leries  are  the  Upper  Pennian  sediments, 
which  consist  of  a  series  of  horizontal,  reddish  calcareous  saudstones  and 
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shales  having  a  thickness  varying  from  100  meters  or  less  in  the  val] 
to  more  than  500  meters  in  the  high  moontains.  Mr.  Small  gives 
following  order  and  thickness  of  the  Permian  rocks  of  Piauhy :" 

ThU^DO 

1.  Upper  rellow  sandstone,  sometimes  false-bedded 

-.  Middle  sandstones  and  sandy  sbales 

3.  Sandstones  and  lower  shales 

The  determination  of  the  Permian  age  of  this  series  rests  on  the  p 
ence  of  Psaronitts,  vrhich  has  been  found  by  Dr.  Lisboa  at  many  pli 
in  this  state  and  in  Maranhao,  and  on  a  Sigillaria  found  by  Mr.  Si 
30  kilometers  east  of  Valenga,  near  the  east  base  of  the  Serra  Baptisti 

In  the  southeast  comer  of  the  state  Cretaceous  beds  overUe  the  Uf 
Permian  beds  at  a  few  places.  The  western  end  of  the  Serra  do  Arar 
where  it  projects  into  Piauhy,  is  known  as  the  Serra  Vermelha.  ' 
upper  portion  of  that  mountain  is  made  of  the  same  kinds  of  horizoi 
Cretaceous  sedimentary  beds  as  those  of  the  Serra  do  Araripe.  A  li 
farther  south,  on  the  divide  between  the  States  of  Piauhy  and  Pern 
buco,  is  the  Serra  de  Dois  Irmaos,  which,  together  with  a  small  oul 
to  the  west  of  it,  is  likewise  Cretaceous.  All  of  these  Cretaceous  area 
CearA,  Piauhy,  and  Pernambnco  are  merely  the  remnants  of  the  orig 
wide-spread  beds  of  Cretaceous  age.  A  fuller  description  of  the  Or 
ceous  geology  of  this  region  is  given  under  the  notes  on  the  geolog; 
Ceari.  At  several  places  eruptive  rocks  appear  at  the  surface,  notabl; 
Valenga,  on  the  headwaters  of  Bio  Berlenga,  and  at  fazenda  Grauta  no 
west  of  Pi  cos. 

Economic  geology. — Piauhy  is  an  agricultural  and  pastoral  rather  t 
a  mineral-producing  state.  The  geology  in  its  relatione  to  uudergro 
water  is  of  special  interest  and  has  been  reported  on  by  H.  L.  So 
(See  bibliography.)  Iron  of  excellent  quality  has  been  reported, 
nothing  is  now  known  of  the  quality  or  of  the  quantity  available. 

Geologic  Maps  of  Piauhy 

Lisboa,  May,  1914. — Dr.  M.  A.  R.  Lisboa's  paper  on  the  Permian  j 
ogy  of  northern  Brazil,  published  in  the  American  Journal  of  Scii 
for  May,  1914,  pages  425-443,  is  accompanied  by  a  small-scale  ske 
map  showing  the  geology  of  a  large  part  of  the  State  of  Piauhy. 
scale  is  1  to  11,428,570  and  four  geologic  subdivisions  are  shown,  nam 
crystalline  rocks.  Permian,  Trtassic,  and  Cretaceous. 

■Relatodo,  pp.  84-6B. 
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all,  June,  1914. — In  his  report  to  the  Inspectoria  de  Obra 
xss,  publica^So  number  32,  on  the  geology  and  imdergroui: 
inhy,  etcetera,  Mr,  H.  L.  Small  gives  a  geologic  map  of  th 
loithem  parts  of  the  State  of  Piauhy.  It  ia  on  a  scale 
,000  and  shows  seven  geologic  subdivisions.  The  map  doe 
the  southweBtem  part  of  the  state  west  of  latitude  43  deg 
?s  include  the  western  portion  of  the  States  of  Ceard  i 
ueo.  The  map  is  accompanied  by  sections  showing  the 
;ure. 

Bibliography  of  the  Geology  of  Piauhy 

Lvo  L.  G.  Dddt  :  Relatorto  acerca  da  Exploragfio  do  Rio  Panu 
rdem  da  Presldencla  da  ProTlncla  de  Piauby.    Annexe  "O"  do 
1  Rtpartic^o  dos  negocloa  da  Agrlcultura.  etc.,  pages  1-5S.    4° 
iceiro,  18T2.     ConalderagSea  geraes.  pages  20-23. 
E  Gabdneb  :  Travels  In  the  Interior  of  Brazil,  principally  thi 
arthem  provinces  and  tbe  gold  and  diamond  districts,  during 
<36-1341.    xvt  +  562  pages.    London,  1S40.    Second  edition,  xt 
ifes.    London,  IS49.     (Plauby,  pages  169-243.) 
R.  LisBOA :  Permian  geology  of  northern  Brazil.    American  J 
dence.  May,  1914,  volume  1S7.  pages  425-443. 
Shall:  Geologia  e  supprlmento  d'agua  aubterranea  no  Plaab 
:>  OearA.    PabllcngSo  >'o.  32  da  Inspectoria  de  Obras  contra  i 
oj-hI  8°,  illustrated,  mops,  14T  paglnas.    Rio  de  Janeiro,  Junhi 
nnd   Mabtittb:  Relse    in'  Braslllen,    1828,    volume    II,    page; 
[finchen.  4°,  and  Oeographisclier  Anbang. 

nacva  Unoer  :  Hlstorla  naturalis  palmaruni,  Auctar,  C.  F.  Ph 
03.  Llpslte  (1850?).  I,  Caput  secundum.  De  palmia  fosslli 
:i.  tab.  geol.  I,  figure  4,  a  fossU  palm,  Psarontut  bratiltentii 
om  the  Province  of  Plauliy. 

Wells  :  Exploring  and  traveling  tbree  thousand  miles  throu 
-om  Klo  de  Janeiro  to  MaranhSo.  Two  volumes.  London.  181 
onal  geo1<^cal  notes.  Appendix  II.  volume  II :  Extracts  froi 
ifld  at  a  meeting  of  tbe  Royal  Geograpblcal  Society  on  tbe  St 
lary,  18S6,  and  entitled  "A  sketch  of  the  physical  geography  c 
iges  359-374. 

Wells  i  Notes  of  a  Journey  from  tbe  River  St.  Francisco  to 
M»ntlns  and  to  tbe  city  of  Maranhtlo.  Journal  of  the  Royal  i 
al  Society,  volume  XLVI,  pages  308-328,  map.    London,  18T6. 

RIO  DE  JAXEIRO,  TBE  FEDERAL  DSBTKICT.  A\D    TRIHIDAH 

vious  investigations. — This  territory  includes  the  Federal 
le  ielaiid  of  Trindade. 

nost  every  geological  visitor  to  Brazil  has  stopped  at  Eio  di 
a,4  had  something  to  say  about  the  geology  in  and  about 
cnlog}-,  however,  is  rather  monotonous  and  the  not^s  usua 
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and  end  with  the  remark  that  tlie  rocks  are  granites  and  gneisses, 
most  comprehensive  papers  are  those  of  Fissis,  Eschwege,  Caldcli 
Derby  on  the  eruptives  in  Kio  de  Janeiro,  and  of  Alberto  Pacs  Len 
"oa  gneiss  do  Rio  de  Janeiro."  Others  are  mostly  field-notes ;  suel 
those  of  Burmeister,  Hartt,  Burton,  Collie,  Esehwege,  and  D'Orhigi 

The  island  of  Trindade,  in  south  latitude  20°  30',  west  longitudi 
25',  belongs  to  the  Federal  Union  and,  together  with  the  Federal  Dis 
is  here  included  with  the  State  of  Rio  de  Janeiro.  The  island  is  s 
as  an  inset  on  the  map  of  Brazil. 

General  geology. — Archean  rocks  cover  all  of  the  state  except  a  nf 
belt  of  Tertiary  and  Quaternary  sediments  on  the  coast  and  some  iso 
patches  of  Tertiary  lake  deposits  in  the  valley  of  the  Parahyba. 

Of  the  geologic  structure  of  the  State  of  Rio  dc  Janeiro  but  lit 
known,  for  the  character  of  the  rocks,  the  depth  of  decomposition. 
the  presence  of  dense  forests  render  field-work  diiEcuIt  and  unsat 
tory.  The  only  attempt  to  work  out  the  structure  of  any  considc 
part  of  the  geology  about  the  city  of  Rio  de  Janeiro  is  reported  ii 
paper  of  Alberto  Paes  Leme,  entitled  "Estudo  goologico  de  uma  par 
districto  federal,"  cited  in  the  bibliography  that  follows.  It  seemt 
dent  at  a  glance  tliat  the  granites,  gneisses,  schists,  and  eruptives  c 
region  have  been  much  faulted,  profoundly  decomposed,  and  extent 
denuded.  The  Tertiary  lake  beds  referred  to  have  been  reported 
from  two  places  in  the  State  nf  Rio  de  Janeiro,  namely,  Barra  Mansi 
Rezende.  They  are  evidently  the  eastward  prolongations  of  the  Tei 
beds  found  at  Taubate,  but  separated  by  denudation  from  the  1. 
original  areas. 

At  many  places  near  the  coast  lakes  have  been  shut  in  by  Quatei 
and  late  sediments  that  have  been  thrown  into  the  emba)Tnents  b; 
ocean.  The  geography  of  the  coastal  region  is  especially  interesting 
a  careful  study  of  it  would  throw  much  light  on  the  geological  histo 
the  region  and  of  the  country.  But  little  attention  has  been  given  t( 
subject,  however.  It  is  spoken  of  briefly  in  Branner's  "Stone  rec 
Brazil,"  at  pages  124,  128,  and  132. 

The  uninhabited  island  of  Trindade  is  entirely  of  eruptive  rw 
phonolitcs. 

Economic  geology.— The  economic  geologic  products  of  the  Sta 
Rio  de  Janeiro,  including  the  Federal  District,  are  limited  chief 
building  stones,  marbles,  and  ceramic  clays. 

The  quarrying  industries  of  the  state,  and  especially  those  in  and 
the  city  of  Rio  de  Janeiro,  are  of  great  importance  and  have  had  a  i 
ing  influence  on  the  cliaracter,  dignity,  and  stability  of  the  archite 
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and  port  works,  not  only  of  Rio  de  Janeiro  itself,  but  on  the  architecture 
of  all  of  t^e  coast  cities  of  Brazil  ae  well. 

In  the  Archean  area  there  are  crystalline  marbles  which,  though  as  yet 
but  little  used,  must  in  time  come  into  the  market,  both  for  building  and 
ornamental  purposes,  and  also  for  the  production  of  lime  and  possibly  of 
Portland  cement.  Such  limestones  are  known  at  Macaco  and  Santa  Rita 
near  Catagallo,  on  Kio  Muriah4  above  Caxoeira,  at  Sant'  Anna  north  of 
Rezende,  near  Barra  Mansa,  and  near  Barra  do  Pirahy,  and  in  the  moun- 
tains east  of  Belem. 

It  is  possible  that  in  the  areas  of  Tertiary  lake  deposite  near  Barra 
Mansa  and  Bezende  there  may  be  found  bituminous  shales  similar  to 
those  at  Tanbat6.  ■ 

Geologic  Maps  of  Rio  de  Janeiro 

Pissis,  1842. — In  1842  A.  Pisais  presented  to  the  Academy  of  Sciences 
of  Paris  a  "M6moire  sur  la  position  gtologique  des  terrains  de  la  partie 
australe  du  Br^il,"  etcetera,  and  that  paper  was  accompanied  by  a  geo- 
logic map  that  embraced  the  region  between  the  city  of  Bahia  on  the 
north  and  east  and  Piracicaba,  in  the  province  of  Sao  Paulo.  It  there- 
fore included  the  entire  provinces  of  Kio  de  Janeiro  and  Eapirito  Santo 
and  large  parts  of  Bahia,  Minas,  and  Sno  Paulo,  The  map  was  on  a  scale 
of  1  to  about  2,500,000.  The  geologic  divisions  were:  one  for  fine- 
grained granite;  four  for  the  "terrain  priraitif";  two  for  the  "periode 
phylladienne" ;  one  for  diorite,  and  two  for  the  Tertiary.  The  map  and 
tho  accompanying  sections  show  a  correct  acquaintance  with  local  details 
of  the  geology  at  many  points,  but  the  generalizations  for  the  large  areas 
embraced  are  far  from  correct ;  nor  do  they  give  a  clear  idea  of  the  gen- 
eral geologj. 

Alberto  Betim  Paes  Leme,  1918. — In  his  pamphlet  entitled  "Os 
jtrneisses  do  Rio  de  Janeiro,"  published  at  Rio  de  Janeiro  in  I9I8,  Dr. 
Alberto  Betim  Paes  Leme  gives  a  geologic  map  covering  an  area  of  175 
square  kilometers  in  the  State  of  Bio  de  Janeiro,  including  part  of  the 
city  of  Rio  and  the  region  18  kilometers  to  the  west  of  it.  The  map  ia 
on  a  scale  of  1  to  50,000,  four  divisions  of  the  granitic  rocks  are  shown, 
and  the  diabase  is  put  in  diagrammatically. 

Bibliography  of  the  Geology  of  Bio  de  Janeiro 

3.  C.  Brarkeb;  The  sapposcd  gladatlan  of  BraEll.  Journal  of  Geology,  vol- 
tiine  I,  pawB  753-772.    8°.    Chicago.  1893, 

Jonn  C.  Bbanneb:  Decomposition  of  rocks  In  Brazil.  Bulletin  of  the  Geolog- 
ical Society  of  America,  volume  7,  pages  255-314.     Rochester,  189S. 

XXI,— BcLL.  Gbol.  Sot.  Am.,  Vob,  30.  IfllS 
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Feiwo  Tokqcato  Xavi^  am  Bbito:  Memorla  blatorlca  e  geograptaica 
de  TrintUde.  Bevlsta  do  Instltato  filstorlco,  volnme  XI^  parte  II 
24&-27B.    Elo,  1877. 

Dr.  Hebh ANi*  BUB11EI8TKB :  I{«i8e  nacb  Bmsllteti,  dnrch  die  Provlnzeu 
de  Janeiro  and  Mlnas  Q«rae8.    Berlin,  1863. 

Captain  Bichabd  F.  Bukton  :  Explorations  of  the  highlands  of  the 
BrasU ;  Tttb  a  toll  account  of  the  gold  aod  dlaauMid  mines.  Two  vol 
8°.  London,  Tlnsler  Brothers,  1839.  (Contains  many  obsecvattohs  i 
geology.) 

.^LEZANDCB  Gau>ci.bi;oh  ;  Travels  in  South  America  during  the  years  18 
21 :  containing  an  account  of  the  present  state  of  Brazil,  Buenos 
and  Chile.  Two  volumes,  8°.  London,  Jobn  Murray,  18%.  Volu 
xil  +  373  pages ;  TOlume  II,  vlU  +  380  pages.     (Notes  on  the  geolog] 

Francis  de  Cabtelnau  et  Euqene  d'Osbbt:  Expedition  dans  les  partie 
traies  de  I'Amerlque  du  Sud  .  .  .  pendant  les  annies  1843  a 
Quatrl^me  partle.    Paris,  1852. 

E.  Chevaueb:  Voyage  autour  du  monde  extents  pendant  les  ann£es  II 
1837  Bur  la  corvette  La  Bonile.  Gtelogle  et  Ulneralogle  du  Br6sll, 
17-*5.     Paris,    1844. 

A.  Collie:  Geological  observations  In  the  neighborhood  of  Rio  de  Ja 
Page  159  of  "Geology,"  from  volume  II  (Zoology)  of  the  Narrativi 
voyage  to  the  Pacific  and  Behrlng  Strait  ...  In  His  Majesty': 
BUutom,  nnder  the<  command  of  Capt.  F.  W.  Beechey.  Two  vol 
London.  1831. 

O.  A.  Derby  :  On  Nephellne  rocks  in  BraElI.  Part  I,  with  special  refere 
the  association  of  phonolite  and  foyalte.  Quarterly  Journal  of  tht 
logical  Society  of  London,  volume  XI.III,  pages  437-473.  London. 
Volume  XLVII,  pages  251-28G.  London,  1891.  The  same  In  Portui 
Revlsta  de  Engenharia,  volume  X,  pages  111-114,  121-123,  133-136.  1 
Janeiro,  1888. 

O.  A.  Derby  ;  ObservacSea  sabre  os  calcareos  do  Rio  de  Janeiro,  etc  B 
da  Engenharia,  volume  VI,  paglnas  26-28.  Rio  de  Janeiro,  14  de  Fev 
del884. 

Ai-oiia:  D'ORBianY:  Voyage  dans  I'Anerlque  m^ridionale;  (le  Br^U,  la  I 
liqne  Orientate  de  t'Urugnay,  etcetera),  execute  pendant  les  ann^ef 
(4)  1833.  4°.  Paris.  183B-1S47.  Gfelogle,  Tome  III,  3e  partle,  pa( 
19.    Paris,  1842. 

W.  L.  vo«  EscHWEOE :  Pluto  Brasillensls.  Berlin,  G.  Relmer,  1833,  8*,  x 
622  paginas,  Cap.  5,  parte  3»,  traduzldo  por  Rodolpho  Jacob,  e  put 
na  Revlsta  do  Archive  Publico  Mlnelro.  Anno  II,  fasclculo  4,  Outi 
Dezembro  de  18&7,  paglnas  611-672.  Onro  Preto.  1897.  Cap.  2,  p> 
mesmo.  Anno  III,  fas.  II,  1808,  pagtnas  433^63.  Bello  Horlzonte 
Cap.  I,  parte  III,  mesmo.  Anno  III,  fas.  III  e  IV,  1898,  paglnas  5'. 
Bello  Horlzonte,  1898. 

W.  L.  von  EscHWEOE :  Beltrttge  zur  Geblrgskunde  BrasUlens.  Mlt  vier 
graphisch-geognostlschen  Karten  und  Proflldurchscbnltten.  S",  xv 
linges.    Berlin,  1832. 

G.  C.  (sic)  d'Eschweoe:  Vo.vnge  de  Rio  Janeiro  au  Gomarca  d'llha  G 
fait  en  1810.  Extr.  du  Journal  von  Braslllen.  Nouvellea  Annali 
Voyages,  volume  XX,  pages  289-328.     Parts.  1823. 
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GE  GABDHBa :  Travels  In  the  Interior  of  Braill,  pricdpaliy  tbrough  tlie 
northern  provlncee  and  the  gold  and  dUuDond* districts,  during  the  ream 
I836-1S41.  8°,  xvi  +  M2  pages,  map.  London,  1816.  Second  edlUon, 
Tlli  +  428  pages,  map  and  ptate.  8°.  London,  1849.  .Many  notes  on  the 
«oloer,  especial!]'  of  the  Interior  ot  CearA,  Ptauhy,  and  Mlnas  Geraea. 
&UDICHAIID:  Toyage  autonr  da  monde  .  .  .  executte  sur  les  corvettes 
le  S.  M.  I'Uranie  et  la  Physlclenne  pendant  ies  annfes  1817-1820  par  IL 
Louis  Freydnet  Tolnme  I,  Gtologie  du  Bio  de  Janeiro,  pages  &-10. 
i'arlB,1826. 

.  GsABTF :  Mineraloglsch-petrographische  Untersuchimg  von  Elfiollthsye- 
ilten  Ton  Serra  de  Tlngnft,  FrovlnE  Rio  de  Janeiro,  BrasUien.    Neues 
rsbrbach  fUr  Mlneralogle,  volnme  II,  pages  222-262.     Stattgart,  1887. 
Fbed.  Hastt:  Geology  and  physical  geography  of  Brazil.    Boston,  1870. 
[Rla  de  Janeiro,  pages  1-55.) 

sh^b:  Ein  Beltrag  zur  Kenntnlss  des  BrasUIanischea  KUstengeblrge.  Zelt- 
ehrlft  (ler  Deutachen  Geologic  Gesellschaft,  volume  X,  pages  412-422. 
Berlin,  18B8. 

r.  Hkvsseb  nnd  G.  Claraz:  Ftn  femerer  Beltrng  zur  Keuutiiiss  des  Bra- 
dllanlschen  KUstengeblrge.  Vlerteljahrschrlft  der  Natnrforschenden  Ge- 
;el]scliaft  in  Zurich,  volume  X,  pngea  60-64.  Zurich,  1865. 
T  HOFUAKN  :  Gcognostlsclie  Beobachtungcn,  angestellt  auf  oiner  Relse  um 
lie  Welt,  In  den  Jahren  1823  bis  1826  unter  den  Befi-hl  des  Russtsch 
^iserL  Flott-Capltalnes  und  Ritters,  Herm  Otto  von  Kotzebue.  Die 
'mRebiingen  von  Rio  Janeiro.  Arphlv  ftir  Mlneralogle,  Geognosle,  Berg- 
lau  und  Hflttenkunde.    Hernusgegeben  von  Dr.  C.  J.  B.  Karsten,  volume  I, 

Ileft.  pages  243-2151.    Berlin.  1820. 

usBAK  ;  Ueber  Leuclt  Pseudokrystalle  Im  Fhonollth  (Ungualt)  der  Serra 
te  TlDgua,  Estado  do  Rio  de  Janeiro,  Brazil.  Neues  Jahrbuch  fOr  Mln- 
Talngie,  volume  I.  1890,  pages  166-169. 

no  Betim  Paes  Leme  :  Estudo  geologlco  de  uma  parte  do  distrlcto  federal, 
n  paglnas.    Rio  de  Janeiro,  1910. 

rro  Betiu  Paes  Leme  :  On  gneisses  do  Bio  de  Janeiro.  38  paglnas.  Rio 
le  Janeiro,  1912. 

cCoBuicK :  Voyage  of  discovery  In  the  Arctic  and  Antarctic  seas.     (On 
he  rocks  of  Trlndade,  volume  I.  pages  23-25.)     London,  1884. 
)B  Mordka  e  E.  Hemedorff  :  t'xcursiles  no  Itatlala,  Serra  de  Mantlquelra. 
Lrcbivos  do  Museu  Naclonal,  volume  XII,  paginas  159  et  seq.    Rio  de 
anelro,  1903. 

iLAu  Netto:  (Eiame  das  rochas  da  encosta  do  Corcovado.)  Dlario 
fflclsl.  Rto  de  Janeiro,  28  de  Outubro  de  1868, 

X  NoBBEBT ;  Relntorio  dos  trabnihos  de  esploraoOes  e  sondagens  feltos 
lelo  engenltetro  Justin  Norbert.  commls.>>lonado  polo  giivenici  ilo  Fstado  do 
llo  de  Janeiro,  em  1008.  Jornal  do  Commerclo,  Rio  de  Janeiro.  15  de 
lain  de  1009,  paglnas  5-6. 

NHis :  Notice  gtognostlque  sur  la  province  de  Rio  de  Janeiro,  .\nnales 
es  Sciences  G^loglques  ou  Archives  de  Geologic,  etc.,  volume  I,  pages 
44-249.    Paris,  1842. 

Em  Pohl:  BeytrSge  zur  Gebirgshunde  Braslllen.    Wien,  1832. 
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(i.  T.  Pkiob  :  Rock  specimens  collected  In  tbe  little  island  of  Trlndade.  k 
Atlantic,  by  the  Antarodc  Expedition  of  1839-1843,  under  Sir  James  C 
Ross.  MineralDglcal  Magazine,  rolutue  XII,  pages  31T-323.  London, 
vember,  1900. , 

Ur.  Jobs  Auesico  dos  Santos  :  Cal  de  marisco.  Revlsta  de  Engenbaria,  i 
II,  No.  1,  15  de  Janeiro  de  1880,  paglnas  4-T.  Rio  de  Janeiro,  1860. 
vista  Industrial,  Novembro  de  18T0,  rolume  V,  paginas  137-138.  (C 
11  de  Agoato  de  18T9.)  New  York,  187a  (Sbell  deposits  about  Rl 
Janeiro.) 

Sconi-EB ;  Account  of  a  voyage  to  Madeira.  Brazil,  Juan  FernandeE,  ant 
Galapagos  Islands,  performed  in  1824  and  182G,  with  a  view  of  exam: 
tb<lr  natural  history,  etc.  Edinbnrgh  Journal  of  Science,  October, 
To:ume  V,  pages  195-201.  Edinburgh,  1826.  Notes  on  the  geology  ol 
da  Janeiro. 

Jose  1'BANKLIN  DA  SiLVA :  Descripcilo  do  Itati&la  on  ItiMaio.  With  fi 
(Dated  December  3,  1856.)  Revistn  do  Institute  Hlstorlco  do  B 
Tomo  XXXIX,  parte  I,  paginas  413-418.     Rio  de  Janeiro,  1876. 

Al'oubto  Fausto  de  Souza  :  A  Bahia  do  Rio  de  Janeiro,  sua  historia  ' 
»icripgfIo  de  suas  riquezas.  RevUta  do  Instituto  Hlstorlco,  Tomo  2i 
parte  II,  pnginaa  5  et  seq.  Rlo  de  Janeiro,  1881.  DescrlpgiSo  ge 
geologia,  paginas  71-73. 

.Spis  nnd  Martius  :  Reise  In  Brasllien,  volame  I,  pages  89-178.     Munich. 

Bar.Io  de  Vilia  Fkarca  :  Turfas  em  Macah^  e  Campos,  O  Novo  M' 
Outubro  23,  1875.  VI,  19.     New  York.  1875.     Extr.  do  Monitor  Campip 

Fred,  R.  Wright:  Die  foyaltisch-theralitisfhen  Emptlvpestelne  der  Insel 
Frio,  Rio  de  Janeiro,  Brasllien.  Tschermak's  Mlneraiogiscbe  und  I 
Brnphlsche  Mitthellungen,  volume  XX.  pages  234-259,  273-306,  with  p 
Vienna,  1901. 

RIO  GRAXDE  DO  XORTE 

Previous  investigations. — The  papers  of  Branner,  Crandall,  Jen 
Soper,  anil  Waring  are  the  only  ones  that  treat  of  the  geology  of  the  ! 
of  Rio  Grande  do  Norte.  There  are  a  few  not^s,  however,  by  Koster 
Burlamaqui. 


General  geology. — The  interior  of  Rio  Grande  do  Norte  is  of  Arc 
rocks;  overlapping  these  old  rocks  is  a  belt  or  zone  of  Cretaceouf 
Tertiary  marine  sediments  along  the  entire  coast.     This  belt  vari 
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width  from  about  thirty  kilometers  in  the  vicinity  of  Natal  and  south  of 
there  to  a  width  of  130  kilometers  about  Mossor6.  A  few  remnants  of 
the  coastal  sediments  cap  the  mountains  south  of  Mossoni,  known  as 
Porto  Alegre,  Martina,  and  Joao  do  Valle. 

The  Archean  rocks  are  cut  by  dikes  and  by  quartz  veins,  and  there  are 
patches  of  old  Paleozoic  quartzites  let  down  into  the  Archean  rocks  by 
faults. 

Economic  geology. — The  sedimentary  belt  contains  limestones,  and 
there  are  also  occasional  crystalline  limestones  in  the  Archean  areas. 

Mica  and  asbestos  are  reported  from  the  Archean  area,  and  clays  for 
the  manufacture  of  bricks,  tiles,  and  common  potterj  are  abundant  in  the 
coastal  sedimentary  belt.  Sands  for  the  manufacture  of  common  glass 
are  abundant. 

Geologic  Maps  of  Rio  Grande  do  Norte 

Branner,  1901. — A  sketch-map  showing  the  geology  of  the  southern 
coastal  region  of  Kio  Grande  do  Norte  was  published,  as  plate  16  of 
Branner's  paper  on  the  geology  of  the  northeast  coast  of  Brazil,  in  the 
Bulletin  of  the  Geological  Society  of  America,  volume  13,  opposite  page 
93,  1901.  The  details  of  Branner's  map  at  and  north  of  Natal  were  cor- 
rected by  Jenkins'  map,  published  in  1913. 

R.  H.  Soper,  1913. — A  report  made  to  the  Inspectoria  do  Obras  Contra 
88  Seccaa  by  R.  H.  Soper  in  1913,  under  the  title  "Geologia  e  suppri- 
mento  d'agua  subterranea  no  Rio  Grande  do  Norte  e  Parahyba"  (publi- 
cation number  26),  is  accompanied  by  a  geologic  map  of  Rio  Grande  do 
Norte.  It  is  on  a  scale  of  1  to  1,000,000  and  shows  four  subdivisions, 
namely:  (1)  gneisses,  granites,  and  schists,  {%)  sandstones,  (3)  lime- 
stone, and  (4)  sands  and  clays. 

R.  H.  Soper,  1916. — A  paper  by  R.  H.  Soper,  entitled  "The  geology  of 
Parahyba  and  Rio  Grande  do  Norte,  Brazil,"  and  published  in  volume 
LV  of  the  Proceedings  of  the  American  Philosophical  Society  in  1916, 
contains  a  small  map  showing  the  geology  of  that  State.  It  is  on  a  scale 
of  1  to  8,941,176  and  shows  four  geologic  subdivisions,  namely:  Paleo- 
zoic, late  Cretaceous  to  early  Tertiary  sandstones,  late  Cretaceous  to  early 
Tertiary  limestones,  and  Recent  to  Tertiary  sands  and  clays. 

Bibliography  of  ike  Oeology  of  Rio  Grande  do  Norte 

J.  C.  Bbaitnek:  Geology  of  the  northeast  coast  of  BrazU.  Bulletin  of  tbe  Geo- 
logical Society  of  America,  1901,  volume  18,  pagea  41-96.    Rochester,  1902. 

Fbkdkkico  Lbopoldo  Cibab  Bttblamaque  :  Notlcla  acerca  dos  animaes  de  ragaa 
exUnctas,  deecobertos  em  varlos  pontos  do  Brosll.     BlbUotheca  Guana- 
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bftrense.    Trabalhos   da    Sodedade    Velloslane,    18S6,    pogliias   1-21    (2> 

parte) .    Rio  de  Janeiro,  16&5  ( ? ) . 
R.  Crandall:  GeoKraphla,  geologla,  supprimento  d'agna,  transportes  e  a^uda- 

gem  Q08  estados  orlentaes  do  norte  do  Braril,  Geaift,  Rio  Grande  do  Norte, 

Parabfba.    Pabllcagao  No.  4,  8«rie  I.  D.  E.    Ineipectorla  de  Obras  Contra 

as  Seccas.    Rio  de  Janeiro,  Oatnbro,  1910. 
Olat  p.  Jkkkimb  :  Geologr  of  the  region  about  Natal,  R!o  Grande  do  Norte. 

Brazil.    Proceedings  of  the  American  PliiloBOphlcal  Society,  volume  LH, 

pages  431-486.     PhUadelphla,  September-October,  1913. 
Henry  Kostbk:  Travels  in  Brazil.     Second  edition,  In  two  volumes.     London. 

1817.    Volume  T,    Notes  on  ttie  geolt^^  of  Rio  Grande  do  Norte,  volame  I. 

pages  S6-1S1. 
Ralph  H.  Sopeb  :  Oeologta  e  sniVlmento  d'agna  snbterranea  no  Rio  Grande 

do  Norte  e  Parahyba.    PnbllcacSo  No.  26  de  Inspectorla  de  Obras  contra 

as  Seccaa,  Ministerlo  da  Ylagao  e  Obras  Pnblicas.    8°,  IHuatrated.  G2 

peglnas.     Rio  de  Janeiro,  Jnlho,  1913. 
0.  A.  Wabiro  :  Reef  formations  of  the  northeast  coast  of  Brazil.     American 

Journal  of  Science,  volume  187,  pages  367-390.    May,  1914. 

KIO  ORAflDB  BO  8UL 

Previous  investigations. — The  baee  map  of  the  State  has  been  con- 
structed from  the  list  of  latitudes  and  longitudes  published  by  Br.  H. 
Morize,  of  the  Observatorio  Nacional  at  Rio  de  Janeiro,  and  from  the 
map  of  the  State  "Organizado  na  Directoria  da  Yia^ao  da  Secret&ria  das 
Obras  Publicas    .    .    .    1907-1911,"  but  without  the  name  of  the  author. 

The  literature  relating  to  the  geology  of  Hio  Grande  do  Sul  hae  always 
been  overshadowed  by  the  importance  of  the  coal  found  in  that  state. 
Every  writer  on  the  geology  has  felt  it  to  be  hie  duty  to  enlarge  on  or  to 
repeat  the  oft-repeated  descriptions  of  the  coal  deposits,  coal  mines,  oper- 
ations, and  exports.  The  gold  and  copper  deposits  have  also  come  in  for 
their  share  of  interest,  while  the  general  geology  of  the  state  has  received 
but  scant  attention. 

Valuable  contributions  to  the  geology  of  the  state  have  been  suggested 
by  the  work  done  in  TTruguay  by  Walther  and  Guellemain,  while  the 
work  of  Walther  in  the  vicinity  of  Lavras  and  Cacipava  is  among  the 
best  papers  on  the  geology  of  that  state. 

The  work  of  Dr.  F.  A.  de  Vasconcellos  Pereira  Cabral,  done  on  the  coal 
regions  and  published  in  1851,  is  not  only  a  valuable  contribution  to 
Brazilian  geology,  but  it  still  stands  as  an  excellent  and  thoroughly  con- 
scientious piece  of  detailed  work  at  a  time  when  the  data  obtainable  from 
the  coal  mines  were  not  available  and  when  there  was  but  little  interest 
in  the  geology  of  the  state, 

Sellow's  notes  on  Rio  Grande  do  Sul  are  excellent,  thongh  they  were 
made  in  1823  and  in  spite  of  the  fact  that  it  is  difficult  to  locate  many  of 
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the  places  mentioned  'by  him.  The  notes  of  Sellow  and  of  oUier  geolo- 
gists give  the  impression  that  the  r^ion  of  granites  and  gneiaaes  aonth 
of  the  trap  eacarpment  contain  many  infolded  or  infaolted  patches  of 
Permian  or  other  older  rocks.  With  the  data  now  available  it  is  quits 
impossible  to  outline  these  areas. 

The  paper  of  Dr.  K.  Walther,  of  Montevideo,  "Ueber  Transgressionen 
dn  obercQ  Oondwana-Formation  in  Siidbrasilien  n  Uruguay,"  deak  with 
the  geologic  history  of  the  State  of  Kio  Grande  do  Sul  and  is  altogether 
one  of  the  best  papers  on  the  geology  of  that  state. 

On  the  geological  map  the  coastal  deposits  in  Bio  Grande  do  Snl  are 
put  down  as  Quateraary,  It  is  highly  probable  that  some  of  these  de- 
posits are  Pliocene,  but  thus  far  the  paleontologic  evidence  of  their  Plio- 
cene age  is  lacking. 

The  chief  publications  on  the  coal  of  the  state  are  those  of  Bern, 
Cabral,  Dahne,  Frank,  Ginty,  Graga,  Hull,  Lange,  Lyon,  Farigot,  Plant, 
Pedemeiras,  Primavera,  Thornton,  and  I.  C.  White, 

Papers  on  the  gold  and  copper  deposits  are  those  of  Eddy,  Gorceix, 
Oroddeck,  Netto,  and  Walther. 

The  principal  authors  who  have  written  on  the  pa1eontol(^  of  the 
state  are  Carruthers,  Seward,  White  (David),  Woodward,  and  Zeiller. 

General  geology. — Tertiary  and  Quaternary  sediments,  inclosing  Lagoa 
dos  Patos  and  Lagoa  Merim,  form  a  belt  along  the  coast  and  lap  back 
against  the  Archean  area.  To  the  landward  of  this  belt  lies  an  area  of 
Archean  rocks  with  here  and  there  outliers  of  Triaesic  rocks,  and  of 
I»wer  Permian  rocks,  in  which  coal  is  found.  The  high  land  in  the 
northern  and  western  parts  of  the  state  is  mostly  pre-Cretaceous  trap 
resting  directly  on  Triassic  beds. 

These  geologic  divisions  correspond  fairly  well  with  the  broad  topo- 
graphic features  of  the  state.  The  Archean  rocks  are  charactiristic  gran- 
ites, gneisses,  and  schists.  There  are  probably  some  of  the  older  Paleo- 
zoic rocks  within  the  Archean  area,  but  they  have  never  been  located  in 
detail. 

The  oldest  rocks  in  the  state  from  which  fossils  have  been  obtained 
are  the  Lower  Permian  in  which  the  coal  occurs.  The  rocks  of  this  series 
are  sandstone,  shales,  and  coal  beds,  all  of  them  somewhat  folded. 

The  Triassic  beds  are  reddish  sandstone,  approximately  horizontal,  but 
broken  by  many  faults,  some  of  them  having  considerable  dislocations. 
The  discovery  in  these  beds  of  reptilian  bones  {Scaphonyx  fUcheri)  near 
Santa  Maria  da  Bocca  do  Monte,  in  Rio  Grande  do  Sul,  made  it  possible 
for  Dr.  A.  Smith  Woodward  to  determine  their  age  satisfactorily. 

The  eruptive  rocks  that  overlie  the  Triaesic  in  Rio  Grande  do  Sul  are 
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part  of  8  great  sheet  or  of  a  number  of  flows  that  are  widely  exposed  over 
the  Braziliao  states  of  Uatto  Grosao,  Sao  Paulo,  Farani,  Santa  Catha- 
rina,  Hio  Grande  do  Sul,  and  over  parts  of  TTrngaay,  Paraguay,  and  the 
Argentine  Bepublic.  The  rocks  are  mostly  diabase  porphyrite,  often 
amygdaloidal.  They  appear  sometimes  as  dikes  and  sometimes  as  sheets 
whose  margins  fonn  steep  mountain  escarpments, 

Siemiradski  thinks  there  are  faults  with  large  dislocations  through 
the  northern  part  of  the  state,  but  as  yet  they  have  not  been  preciselv 
located. 

Economic  geology. — The  chief  mineral  products  of  Bio  Grande  do  Sul 
is  coal,  which  is  found  only  in  the  Lower  Penman  areas.  Copper  and 
gold  have  been  mined  from  the  older  Paleozoic  rocks  near  Lavras,  and 
large  quantities  of  agates  that  weather  from  the  trap  rocks  or  are  shipped 
from  the  plateau  region  south  of  Passo  Pundo.  Ifarble  is  reported  from 
several  places  within  the  area  of  the  crystalline  rocks,  and  zinc  is  said  to 
occur,  but  not  in  workable  quantities  (Scott).  Magnesite  is  reported 
from  Rio  Pardo  and  from  Rio  Capivary,  where  it  occors  in  Archean 
rocks,  probably  in  the  form  of  crystalline  marble.  It  is  popularly  known 
at  these  places  as  pedra  moura,  marmore  amarello,  and  olko  de  boi 
branco.    Molybdenum  is  said  to  occur  with  copper  at  Paimas  (Oliveira). 

Geologic  Maps  of  Rio  Grande  do  Sul 

Hettner,  1891, — An  article  on  southern  Brazil  published  by  Dr.  Alfred 
Hettner  in  the  Zeitschrift  der  Gesellschaft  fiir  Erdkunde  zn  Berlin,  Band 
XXVI,  Berlin,  1891,  contains  a  sketch-map  of  the  general  geology  of  the 
State  of  Rio  Grande  do  Sul.  It  is  on  a  scale  of  1  to  7,500,000  and  shows 
one  structural  section  and  five  subdivisions  of  the  geology,  one  of  which, 
the  red  sandstone,  is  said  to  be  of  undetermined  age. 

Branner,  1906. — In  the  first  edition  of  his  Geologia  Elementar,  Rio, 
1906,  Branner  published,  at  page  238,  a  sketch-map  of  the  geology  of 
most  of  Rio  Grande  do  Sul  and  part  of  Santa  Cathanua.  The  data  for 
it  were  taken  chiefly  from  Hettner's  paper.  It  is  on  a  scale  of  1  to 
4,300,000  and  five  subdivisions  of  the  geology  are  shown.  The  same  map 
is  given  at  page  319  of  the  second  edition  of  Brenner's  Geologia  Ele- 
mentar, Rio,  1915. 

I.  C.  White,  1908. — In  his-final  report  on  the  coal  measures  ...  of 
south  Brazil,  Dr.  I.  C.  White  gives  a  map  of  the  State  of  Paraaii  to  show 
the  general  distribution  of  the  Permian  coal  horizon  and  of  the  overlying 
rocks.  The  distribution  of  these  beds  in  Hio  Grande  do  Sul  is  incladeil 
in  the  map.  Only  two  geologic  divisions  are  shown,  the  Tubarao,  or  coal- 
bearing  beds,  and  the  overlying  beds,  though  not  in  detaiL    The  scale  is 
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3.010,365.  The  date  on  the  map  is  1907,  but  the  report  was  pi 
d  at  Rio  de  Janeiro  in  1908. 
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224  contain  a  Beilage  on  Mineralogy  by  Gustav  Jenasch.    The  atlas  bas 

geologic  sections.) 
A.  Schupp:  Geologla  da  Lagoa  dos  Patos.    Annnario  do  Bstado  do  Bio  Grande 

do  Snl  para  o  anno  de  1900,  paglna  173.     Porto  Alegre,  1899.     (Fossil 

oysters  found  at  the  entrance  of  Barra  do  Bibelro.) 
I'.  'AiiBBOSJO  ScauFF :  Uma  contrlbulgflo  para  a  geologla  do  Rio  Grande  do  Snl. 

Annuarlo  do  Bstado  do  Rio  Grande  do  Snl.    Para  o  anno  de  1906,  paglnas 

311-320.    Porto  Al^re,  1904. 
H.  KiLBUBN  Scott:  The  mineral  reaonrces  of  the  State  of  Rto  Grande  do  Sul. 
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flora  of  southern  BraziL) 
Jos.  T.  SiBuiBADZKt :  Geologlscbe  Relaebeobacbtungen  In  Slldbraaillen.     Sltx. 

Her.  Akad.  Wlss..  Mat— nat,  CI.,  Bd.  107,  Abt.  I,  pages  23-30.    I  T»L, 

1  figure.    Wlen,  1898. 
Fbancisco  R.  Siuch:  A  formagSo  geologlca  de  Porto  Alegre  (Rto  Graade  do 

Sul).    Publicado  no  Jomal  A  Federaglo,  Porto  Alegre.  Brazil.  12  de  Ahril 

(No.  86),  14  de  AbrU  (No.  87),  16  de  AbrU  (No.  89),  18  de  Abrll  (No.  91). 
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Grande  do  Snl  de  1911,  paglnas  177-188.    Porto  Alegre,  1910. 
Hebbebt  B.  Suitr  ;  Qeologie  do  Rio  Grande  do  Snl.    Annuarlo  do  Estado  do 

Rio  Grande  do  Sol  para  o  anno  de  1901.    Publicado  sobre  a  dlrecf^o  de 

Oradano  A,  de  Azambnja.    12°,  paglnas   11S-122L    Porto  Al^re,   1900^ 

Compilation  from  Smith's  paper  on  "The  Naturalist  Braslllan  ExpedlUon." 

In  the  American  Naturalist,  1883.  1884,  g.  v. 
Kabl  Waltheb:  Zur  Oeologie  der  Gegend  von  Selbal  und  Ihrer  Knpferenla- 

gerstatten  Im   SUate  Bio   Grande  do  Snl.    Zeltschrlft  fllr  Praktladie. 

Geologle  XX,  Heft  10,  page  401.    Berlin.  Oktober,  1912. 
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Kabl  Walther:  Ueber  TraDSgreaglonen  der  oberen  "GoDdwann-Formation"  lii 
SUdbrasllien  und  Uruguay.  Centralblatt  fUr  Mlneralogie,  Geologic,  und 
Painontologle  1912,  Na  13,  pages  398-405.     Stuttgart,  Jull.  ii>V2. 

K.  Waltheb  :  La  edad  geologlca  de  las  atenlscas  braBllano-nruguaj'as,  llama- 
daa  de  "S&o  Beuto."  Reviata  del  Minlsterlo  de  Indnstrlas,  ABo  I,  No.  6, 
pagluas  17-23.    Montevideo,  1S13. 

Weiss  :  Ueber  das  sfldllcbe  Ende  des  Geblrgszugea  von  Brazllleu  In  der  ProTini 
S3o  Pedro  do  Sul  und  der  Banda  Oriental  oder  dem  Staate  von  Monte- 
video ;  nach  den  Sammlungen  des  Herm  Fr.  Sellow,  von  Hm.  Weiss. 
Acad,  der  Wlssenscbaften  Pbjs.  Klasse,  1S2T  (Berlin),  1828. 

Datio  White:  Permo-carbonlferous  changes  In  Brazilian  South  America,  ludl- 
csted  b7  loesil  plants.    Sdence,  volume  XXV,  May  17,  1907,  page  7T2. 

David  White:  Report  on  the  fossil  flora  of  the  Coal  Measures  of  BrazU, 
Appendix  of  I.  C.  White's  report  on  the  Coal  Measures  of  South  Brazil. 
Rio  de  Janeiro,  1908. 

I.  C.  White  :  Report  on  the  Coal  Measures  and  associated  rocks  of  South 
Brazil.  In  English  and  Portuguese.  Report  to  the  Minister  of  Industry, 
etc    4°,  illustrated,  xxviil  +  017  pages.    Rio  de  Janeiro,  1908. 

A.  SuriH  Woodwabd:  On  some  fossil  reptilian  bonea  from  the  State  of  Rio 
Grande  do  Sul,  Brazil.  Geological  Magazine,  June,  1906,  pages  251-255, 
lUnatrated.     Same  in  Revtsta  do  Mosen  Paulista,  volume  VII,  pages  46-57. 

A.  SurrH  Woodwabd:  On  some  Dlnosaurian  bones  from  South  Brazil.    Geolog- 

ical Magazine,  volume  X,  page  512.    London,  November,  1903.     (Traces  of 
Gondwanaland  fauna  from  the  red  beds  of  Rio  Grande  do  Sul.) 

B.  Zeiixeb:  Sur  quelques  emprelntes  regetales  den  glsements  honillers  du 
BrMl  meridional.  Comptes  Rendus  de  I'Academie  des  Sciences,  volume 
CXXI,  pages  961-964.    Paris,  1895. 

H.  Zeujjb  :  Note  sur  la  flore  fosslle  des  gisements  houlUers  de  Rio  Grande  do 
Sul.  Bulletin  Soci^t^  Gikiloglquc  de  France,  third  series,  volume  XXIII, 
pages  601-62e  (3  plates).     Paris.  1895. 

R.  Zixllxm:  Sur  un  Lepldodendron  sllicifl£  du  Br4aiL  Gomptea  Rendus  de 
I'Academie  des  Sciences,  volume  CXXVII,  pages  245-247.    Paris.  1898. 

SANTA  CATUARIHA 

Previous  invesUf/ations. — Only  the  eastern  half  of  the  State  of  Santa 
Catbarma  has  had  its  geology  described.  The  few  papers  that  treat  of 
its  geology  confine  themaelves  chiefly  to  the  coal  deposits  on  Rio  Tubarao. 
The  most  important  of  these  are  the  publications  of  Dr.  Qonzaga  de 
Campos,  of  Dr.  I,  C.  White,  of  Parigot,  of  E.  Dahne,  and  of  Thornton. 
The  works  that  are  most  enlightening  of  all  in  regard  to  the  geology  out- 
side of  the  coal  region  arc  the  papers  of  Dr.  J.  B,  Woodworth  and  of 
Euzebio  Paulo  de  Oliveira.  Carl  Ballod's  Der  Staat  Santa  Catharina,  in 
Sudbrasilien,  also  has  some  helpful  notes  on  the  geology. 

A  meteorite  found  on  the  island  of  S^o  Francisco,  in  Santa  Catharina, 
has  attracted  considerable  attention  among  mineralogists.  It  has  been 
written  on  by  Becquerel,  Gonzaga  de  Campos,  Derby,  J.  L.  Smith,  Guig- 
net,  Calogeras,  Damour,  Daubree,  Limay,  ilpunier. 
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General  geologg. — Archean  rocks  form  a  belt  Lying  between  the  ocean 
and  the  crest  of  the  Serra  do  Mar.  Except  in  the  north,  however,  the 
Aichean  rocks  do  not  rise  quite  to  the  tops  of  the  mountains,  but  end  on 
their  eastern  flanks.  Resting  on  the  granit£B  are  the  Lower  Permian 
beds,  ill  which  coal  is  found  west  of  Tubarao.  Glacial  action  in  Permian 
times  is  shown  by  these  beds  near  Rio  Negro.  On  top  of  the  Lower  Per- 
mian are  the  Upper  FenniaDj  on  top  of  which  are  the  Botucatii  Triassic 
sandstones,  followed  next  by  sheets  and  dikes  of  trap  (diabase  porphy- 
rite).  All  of  these  sediments  and  the  accompanying  trap  sheets  have  a 
general  and  gentle  westward  dip,  while  the  traps  cover  nearly  all  of  the 
western  half  of  the  state. 

Economic  geology. — The  chief  mineral  resources  of  Santa  Catharina 
are  coal  from  the  mines  in  the  Lower  Permian  about  Minas  and  the 
agates  found  in  the  areas  of  the  eruptive  rocks.  Bituminous  shales  are 
abundant  in  the  Permian,  marble  is  found  in  the  Archean  area,  and  lead 
and  copper  are  reported  by  Dr.  Francisco  de  Paula  Oliveira. 

Geologic  Map  of  Santa  Catharina 

I.  C.  White,  1908. — The  only  geologic  map  of  Santa  Catharina  known 
to  the  writer  is  the  one  given  by  Dr.  I.  G.  White  as  part  of  a  map  of  the 
States  in  which  coal  is  found.  The  scale  of  the  map  is  1  to  2.010,3<>5 ; 
only  two  divisions  are  shown  and  these  not  in  detail,  the  Tubarao  or 
Permian  coal  horizon  and  the  rocks  above  it.  The  map  is  dated  190T, 
but  the  report  was  published  at  Rio  in  1908. 

Bibliography  of  the  Geology  of  Santa  Catharina 

Cabl  Ballod  :  Der  Staat  Santa  CathariDa.  Ausland,  1892,  pages  2T-31.  Stutt- 
gart, 1802. 

P.  BtiELAMAQUi :  Notlcia  sobre  alguns  mlneniea  e  rocbas  de  variaa  provincial 
do  Brazil,  recebldas  no  Museu  Naclonal  durante  os  annos  de  1866,  1S5T  e 
185S.  Revista  Brazilelra,  volume  II,  peglnas  241-265.  Map  of  Santa 
Catbarlne  coal  fields.    Rio  de  Janeiro,  1856-58. 

L.  F.  GoNZAOA  DE  Caupos  :  Nota  solire  a  localidade  do  ferro  natlvo  de  Santa 
Catharina.  Meteorltos  Braslleiros.  Revista  do  Observatorlo,  volume  III. 
No.  5,  pagiDas  <S5-CS.  Rio  de  Janeiro.  18SS.  Atjatract:  Neues  Jalirbncli 
fUr  Mineralogie,  1891,  volume  I,  pagtna  243.    Beferate. 

i.uiz  Go.nzaoa  de  C&upos  :  Mlnas  de  carvSo  do  Tnbai^o,  Santa  Cattiarina.  •)'.> 
paginas  com  mappas  e  perfis.  4°.  Rio  de  Janeiro,  1S90.  F,'  a  segnuda 
parte  do  Relatorlo  apresentado  ao  Exm.  Sr.  General  E^ncisi'o  (ilicerio. 
Minlstro  da  Agrlcultura,  etc.,  pelos  Engenhelros  F.  Hostilio  de  Morals 
Ki'KO.  I>uiK  Gonzaga  de  Canipo.''  e  Jolo  Ciildeira  de  Aivareuga  Messeder. 
pa^nas  2T-T6. 
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PobUcado  no  iontal  "A  Federac&o,"  Porto  Alegre,  umo  XXI,  No.  39, 16  ae 
Fevereiro  de  1901. 

Hembt  Iiasok:  SUdbrBBlllen.  Die  ProTlncea  8io  Pedro  do  Bio  Grande  do  Sul, 
Santa  Catbarlna  and  ParanA.  Leipzig,  1886.  Hlaerallen,  pages  9,  4S, 
126-127,  183. 

Dr.  Bkhbi  Lahoe  :  Die  Flussgeblete  des  Rio  TubarSo  ond  des  Rio  Ararangua. 
Petermanna  Mltttaeilungen  ana  Justus  Perthes'  Geographlscber  AiiBtalt, 
Baod  XXXIV,  pages  10-13.    Gotha,  188& 

Eduakdo  Joefi  DE  MoBAES :  A  rla  de  communlcacao  a  Mato  Grosso.  Memoria 
apresentada  A  conslderagfio  do  govemo  Imperial.  (Annezo  no  Relatorlo 
apresentado  &  sBSemblea  geral  leglslatlva  us  la  aess3o  da  15a  legislatura 
pelo  Ministro  e  Secretario  de  Gstado  dos  Negocloe  da  AgrfcDitnra,  etc.) 
4°.  Bio  de  Janeiro,  1872.  Notaa  sobre  a  geologia  do  Bio  Uruguay,  25; 
sal  gemioa  no  vatle  do  Ivaby,  paglna  69. 

KuzEBio  Fadu)  DC  OuvKiBA  I  Geologla  do  EiStado  do  Faranft.  Boletlm  do  Mln- 
laterio  da  Agrlcnltura,  ludustrla  e  Gommerdo,  Anno  V,  No.  1,  paginas  67- 
143.  Rio  de  Janeiro,  1916.  (This  article  does  not  bave  the  author's 
name.) 

Dr.  Juuo  Pabioot:  Minas  de  carrSo  de  pedra  de  Santa  Gatharlna.  8°,  12 
paginas.    Rio  de  Janeiro,  1843. 

Dr.  Julio  Pabioot:  Memoria  terceira  sobre  as  mluas  de  carrfio  de  pedra  de 
Santa  Cathartna.    4°,  30  paginas.    Rio  de  Janeiro,  1842. 

Nathaniel  Plant:  The  Brazllias  coal  fields.  Geological  Magazine,  volume  VI, 
April,  1869,  pages  147-150, 

WoLDxuAB  ScHULTZ :  Studien  Uber  agrarische  und  pbyBlkallache  VertAItnlsae 
in  SlidbrasUlen.  224  pages.  Leipzig,  1866.  (Pages  209-224  contain  a 
Beilage  cm  Mineralogy  by  Gustav  Jenzach.  The  atlas  has  geologic  sec- 
tions.) 

Edwabd  Thornton  :  Report  od  the  exlHteoce  of  a  large  coal-field  in  the  prov- 
ince of  SL  Catherine's,  Brazil.  Quarterly  Journal  of  tbe  Geological  So- 
ciety, June,  1867,  pages  386-387.    Txindon.  1867. 

Edwabd  Thobnton  :  .  .  .  Coal  fields  In  tbe  pi-ovince  of  Saint  <^tharine. 
Reports  received  from  Her  Majesty's  secretaries  of  embassy  and  legation 
respecting  coal,  in  continuation  of  papers  presented  In  1867.  Fariiamen- 
tary  Papers,  pages  7-8.     4°.     Londoo,  1868. 

Chables  Van  Lede:  De  la  Colonisation  au  Br^ll.  M^moire  hlstortque,  de- 
scriptlf,  statistlque  et  commercial  sur  la  Province  de  Salnte-Catherine, 
427  +  vlli  paginas,  8*.  Bmxellee,  1843.  On  geology,  chapter  IV,  pages 
94-125;  also  Dlarlo  do  Rio  de  Janeiro.  No.  6525,  15  de  Janeiro  de  1844. 
Given  in  Portuguese  In  tbe  appendix  to  Boubte's  "Geologia  Elementar," 
paginas  43-60.  J&zlgo  do  carvao  de  pedra  de  Santa  Catharlna :  Extracto 
Caput  X,  op.  clt,  additamento,  paginas  51-63.  Rio  de  Janeiro,  Tj-p.  Na- 
cional,  1846. 

Cabiab  Van  Lede:  Geologia  da  Provlncia  de  Santa  Catharlna.  Artlgo  extra- 
hldo  da  Memoda  Hlstorlca,  Estatistlca  e  Commercial  .  .  .  sobre  a 
Provlncia  de  Santa  Catharlna,  e  vertido  em  vulgar  pelo  Dr.  A.  M.  de 
Miranda  Castro.  Bevlsta  Trlmensal  do  Instltuto  HIstorIco,  volume  VII, 
paginas  87-9.S,  178-195.    2n  edli;ilo.    Rio  de  Janeiro  (2n  edicilo,  ISfiO).  1815, 
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L.  Waqorbb:  Paranft  e  Santa  Catharlaa.  Revlsta  IndoBtrial,  Janeiro  de  187S. 
volume  II,  pages  &-10.  New  York,  18TS.  (Notes  on  geology  and  pbjaical 
features.) 

I.  C.  Wbite  :  Report  on  the  Coal  Measures  and  associated  rocks  of  South  Bra- 
zil. In  English  and  Portngaese.  Report  to  the  Minister  of  Indostry,  etc, 
xxvUi  -f  617  pages,  4°,  Illustrated.    Rio  de  Janeiro,  1908. 

J.  B.  WooDWOBTH :  GeologlCBl  expedition  to  Brazil  and  Chile,  1908-1909.  Bulle- 
tin of  the  Museum  of  Comparative  Zoology,  volome  LVI,  No.  1,  135  pages 
and  37  plates.    Cambridge,  NoTember,  lOlZ 

BiO  PAVLO 

Previous  investigations. — The  base  map  used  for  the  State  of  Sao 
Paulo  was  the  one  issued  in  1912  by  the  Commissao  Geographica  e  Geo- 
logica  de  Sao  Paulo. 

More  geologic  work  has  been  done  in  Sao  Paulo  than  in  any  other  one 
Brazilian  state.  As  yet,  however,  no  general  description  of  the  gwiog^ 
of  the  state  has  been  published.  Mr.  Derby,  who  was  state  geologist 
from  1886  to  1904,  published  many  special  papers  on  the  geology  of  the 
state,  the  most  important  of  which  are  mentioned  below.  The  enjirey 
(officially  called  the  Commissao  Geographica  e  Geologica  de  Sao  Paulo) 
has  published  five  topographic  sheets  in  preliminary  editions  (Jundiaby, 
Campinas,  Sao  Eoque,  Rio  Claro,  Ytu).  but  only  parts  of  the  areas  are 
geologically  mapped,  while  by  some  unfortunate  oversight  the  names  of 
the  geologists  who  did  the  work  are  not  given.  Several  large  folios  have 
been  issued,  but  they  are  devoted  to  the  esplorations  of  some  of  the  larger 
streams  of  the  state- — the  Tiet^,  Feio,  Aguapehy,  and  Rio  Grande.  These 
folios  are  fully  illustrated  by  beautiful  photographs.  A  few  of  them  con- 
tain short  papers  with  notes  on  the  geology,  but  the  publications  are  too 
unwieldly  to  be  used  in  the  field.  One  by  Dr.  Florence,  on  Rio  Grande, 
is  especially  valuable  on  that  region,  and  the  paper  by  Pacheco,  on  the 
fossils  found  in  the  Bauru  beds,  is  of  great  value  as  determining  the  afre 
of  that  formation.  The  geoIog>'  along  the  Paranapanema  is  described  bv 
Dr.  Francisco  de  Paula  Oliveira  in  a  bulletin  published  by  the  survey. 

Two  papers  by  Dr.  Qonzaga  de  Campos  are  especially  valuable  contri- 
butions; they  are  (1)  Bauru  e  Itapuru,  and  (2)  Relatorio  sobre  o  Rio 
Tiet4. 

The  iron  deposits  of  the  state  are  described  by  Derby;  the  Permian 
glacial  deposits  are  briefly  described  by  J.  B.  Woodworth.  and  the  fossil? 
are  described  by  Cope.  Geinitz,  Pacheco,  Renault.  Ton  Ihering,  «nil 
Woodward. 

General  ffpoloffi/. — Over  the  eastern  and  southeastern  parts  of  the  State 
of  Siio  Paulo  are  exposed  the  Archean  rocks  which  form  the  Serra  do 
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Mar  and  pass  over  the  divide  and  extend  westward  to  the  base  of  the 
I.<iwer  Permian  sedimente.  In  the  southweet  comer  of  the  state  a  email 
expoenre  (70  kilometers  long)  of  Devonian  rocka  rests  against  the 
Archean  and  dips  gently  toward  the  northwest  On  top  of  the  Devonian 
rucks  are  Lower  Permian  beds — sandstones  and  shales — which  rest  on  the 
Archean  from  near  Faxina  to  the  Minas  frontier  just  north  of  Mococa, 
Sao  Paulo.  These  Lower  Permian  beds  contain  well  marked  evidences  of 
glaciation.  The  next  higher  beds  are  the  Upper  Permian,  which  contain 
the  fossils  Siereostemum  and  Mcsosaurus  and  characteristic  siliceous  con- 
cretions and  beds.  The  Permian  beds  are  followed  by  the  Triassic  red 
beds  called  the  Botucatu.  They  form  the  mass  of  the  Serra  de  Botucatu 
and  extend  eouthwestward  into  the  State  of  Paran4  and  northward  to  and 
beyond  Hifaina,  where  they  cross  into  the  State  of  Minas.  Still  farther 
west,  and  forming  the  highlands  of  a  large  part  of  the  state,  are  the 
Banru  beds,  which  are  Lower  Cretaceous.  These  sedimentary  beds  dip 
gently  toward  the  northwest.  All  beds  below  the  Bauru  (Cretaceous)  are 
cut  by  eruptive  dikes,  and  the  Triassic  sediments  are  interbedded  with 
sheets  of  lava.  In  showing  the  areas  of  the  eruptive  rock  on  the  Sao 
Paulo  part  of  the  geologic  map  no  attempt  is  made  to  give  the  details  of 
the  areas,  partly  because  the  areas  have  not  been  outlined  and  partly  be- 
cause the  scale  of  the  map  does  not  admit  of  such  details.  The  red  lands 
of  Sao  Paulo,  famous  for  their  fertility,  are  formed  by  the  decomposition 
of  the  eruptive  rocks,  and  the  areas  of  the  red  lands  are  really  much 
larger  than  the  map  might  lead  one  to  suppose. 

From  30  kilometers  west  of  the  city  of  Stio  Paulo  and  following  down 
the  Rio  Parahyba  to  Boeaina,  there  are  bituminous  shales  and  sandstones 
marking  the  sites  of  Tertiary  lakes  within  the  Archean  area. 

Economic  geology. — The  mineral  resources  of  Sao  Paulo  now  known 
are  iron,  marble,  bituminous  shales,  building  stones,  limestones,  and 
ceramic  clays. 

The  first  iron  manufactured  in  Brazil,  and  probably  the  first  made  in 
America,  was  produced  about  the  year  1600,  at  Ipanema,  in  the  State  of 
Sao  Paulo.  The  manufacture  of  iron  at  that  place  was  not  kept  up,  and 
though  it  was  attempted  several  times  afterwards,  it  has  thus  far  never 
been  commercially  successful.'^  The  Ipanema  iron  ores  are  in  an  isolated 
Archean  area,  a  little  more  than  a  hundred  kilometers  west  of  the  city  of 
Sao  Paulo. 

The  bituminous  shales  at  the  base  of  the  Upper  Permian  are  exposed 
at  many  places  in  Sao  Paulo  and  could  easily  be  located  along  nearly  all 
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of  the  outcrop  of  those  beds.  So  far  as  I  can  learn,  they  have  not  been 
utilized.  These  shales  hare  been  regarded  as  evidences  of  the  existence 
of  petroleum,  and  wells  have  been  sank  in  search  of  it,  but  thus  far  with- 
out success.  The  bitominona  shales  of  the  Tertiary  lake  deposits,  how- 
ever, have  been  used  at  Taubat^  for  the  mannfactoie  of  gas.  They  con- 
tain aboat  7  per  cent  of  petrolene. 

Marbles  occnr  in  large  quantities  at  certain  places  in  the  Archean  areas 
of  the  state,  notably  in  the  region  about  the  headwaters  of  the  rios  Ipo- 
ranga  and  Bethary  west,  northwest,  and  north  of  Villa  Iporanga,  and  at 
Pantojo  west  of  Sao  Boque  and  south  of  Sorocaba,  where  there  are  ezten- 
siTe  quarries.  There  are  also  limestones  in  the  Permian  areas,  notably  at 
Limeira,  Itapetininga,  and,  in  addition  to  the  marbles  mentioned,  build- 
ing stones  of  many  kinds  are  abundant  and  of  excellent  qualities. 

Clays  for  the  manufacture  of  bricks,  tiles,  and  drain  and  sewer  pipes 
are  especially  abundant  in  the  Tertiary  areas  of  the  state. 

Geologic  Maps  of  Sao  Paulo 

Pissia,  1842. — Accompanying  PissiB*  "M4moire  sur  la  position  g^ 
logique  des  terrainea  de  la  partie  australe  du  Br^sil,"  published  by  the 
French  Academy  in  1S43,  Is  a  geologic  map  that  includes  the  eastern 
part  of  the  State  of  Sao  Paulo  as  far  west  as  Piracicaba.  The  scale  is  1 
to  2,500,000  and  ten  divisions  are  shown,  one  of  which  is  the  Tertiary 
lake  basins  of  that  state. 

Derby,  1886. — An  outline  of  the  geology  of  eastern  Sao  Paulo  by  0,  A, 
Derby  is  given  in  a  map  accompanying  C.  F.  Van  Delden  Laeme's  "Xie 
Br^il  et  Java;  Rapport  sur  la  culture  da  caf6  en  Anv^riqne,  Asie  et 
Afrique.  La  Haye,  1885."  The  map  bears  the  date  1S84;  it  is  on  a  scale 
of  1  to  1,000,000  and  shows  six  geologic  divisions. 

The  same  map,  with  a  few  additions,  was  reproduced  in  Braimer'a 
Geologia  Elementar,  at  page  230  of  the  first  edition,  1906,  and  at  page 
320  of  the  second  edition,  1915.  The  scale  of  the  reproduction  is  about 
1  to  5,000,000  and  five  geologic  divisions  are  shown. 

Bibliography  of  ihe  Geology  of  Sao  Paulo 
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meiea  de  Jnnlio  de  1882  a  Janeiro  de  1888.    S&  pages.    SSo  Paolo,  1900. 
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Ribeira.    III.  Psendo-crystaes  de  leuclta   em   ptaonoUto    (tingnalto)    da 

Serra  do  Tlngua.    IV.  Interessante  eadomorpboBe  por  acgSo  de  contacto 

de  augito-porpbj-rito  com  giez;  Bio  Tletf:,  Estado  de  S9o  Fanlo.    V.  Phjl- 

UtaB  e  com  magnetlta  do  Estado  de  Silo  Paulo.    VI.  Notlda  resiuulda  sobre 
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do  Museu  PauUsta,  Tolame  III,  pagliias  71-75.    SBo  Paolo,  1898. 
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R.  VON  iHEStNO :  Oa  foseeis  de  S3o  Joad  do  Rio  Preto,  Estado  de  8§o  Paolo. 

RevisU  do  Mosen  Panllsta,  volome  VIII,  paginaa  141-140.     S!to  Paulo, 
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Rio  de  Janeiro,  1909. 
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paginaa  327-333.     BerUn,  1860. 
pBANCiaco  DE  Paula  Oui'sira  :  Reconbeclmento  geoli^co  do  Valle  do  Rio 

Parana  pa  oema.    Boletim  CommlssSo  Geograpblca  e  Geologies  No.  2,  pag- 
inaa 3-31.     SUo  Paulo,  1889. 
JoviANo  A.  d'Au.  Facreco:  Geologia  do  Valle  do  Rio  Grande.     Commissao 

Geograpbica  e  Geologlca  de  SQo  Panlo,  paginas  3^-38.    SIo  Paolo,  1913. 
Oablos    Rath:  Fragmeatos   geologlcos  e   geograpbicos,    etc.,    para   a    parte 

physlca    .    .    .    das  prorlndas  de  S9o  Paolo  e  ParanA.    Mo  Paolo,  1856. 
B.  Renault:  Sor  one  noovelle  Lycopodtacte  boollUre  (Lycopolopsia  derbeyi). 

Note  de  M.  B.  Renault,  presents  par  M.  Docbartre.     Compte  Rendo.':  de 

I'Academle  dea  Sciences,  volume  CX,  1890,  page*  809411.    Paris,  1890: 

(Foasll  plants  from  Piraclcaba,  Mo  Paulo.) 
B.  Behault:  Note  sur  nne  Lycopodlacte  arboreacente  do  terrain  boollier  dn 

Br4all.    BoUetln  Soci£t4  Htstolre  Natoral  d'Autun,  Tome  III,  pages  109- 

124,  plate  IX. 
B.  Renault:  <Nota  sobre  fossels  carbonl^pron  oo  permiaooa  de  Piraclcaba. 

S3o  Paolo.)     Revlfita  de  Engenbaria,  No.  235,  14  de  Junbo  de  1880,  voluiae 

XII,  pagina  134.    Rio  de  Janeiro.  1890. 
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Abthub  Suith  Woodwabd;  On  b  Dew  spedmen  of  tbe  MesosBurlan  reptile, 
Biereoatemuta  tumidum,  from  Silo  Paulo,  Brazil.  Qeologlcal  Magazl&e, 
April,  pages  145-147,  1  plate.    London,  1807. 

A.  Sunn  Woodward  :  ConBtderagSes  Bobre  algiiDB  pelxes  Terclarios  dos  schlstos 
de  Taubat^.  Estado  de  SJio  Paulo,  Brazil.  Revista  do  Museu  Paullsta,  vol- 
ume III,  8°,  paglnas  63-7S.    SSo  Paulo,  ISBS. 

A.  Suith  Woodwabd:  On  a  tooth  of  a  Triasslc  Dinosaur  from  Silo  Paulo, 
Brazil.  Re[>ort  of  the  British  Assoclatiou  for  tbe  Adrancemeat  of  Science 
for  1909,  page  483,  1910. 

J.  B.  Woodwobth:  Geological  expedition  to  Brazil  and  Chile — 1908-1909. 
Bulletin  of  the  Moseum  of  Comparative  Zoology,  volume  LVI,  number  1. 
8°,  Illustrated,  135  pages.    Cambridge,  Masaachusetts. 
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I'Academle  des  Sciences,  volume  CXXVII,  pages  245-247.    Parts,  1898. 

BgRQIPE 

Previous  investiffotiom. — Hartt's  Geology  and  Physical  Geography  of 
Brazil  contains  the  first  valuable  notes  on  the  geology  of  the  State  of 
Sergipe,  The  general  geology  of  the  state  was  described  later  in  Bran- 
ner's  paper  on  the  geology  of  the  Sergipe-Alagdas  basin.  That  paper  was 
translated  into  Portuguese  and  published  at  Aracaju  in  1899.  The  last 
important  contribution  is  that  of  B.  H.  Soper,  whose  report  is  mentioned 
in  the  accompanying  bibliography.  Our  knowledge  of  the  geology  of  that 
state  was  also  contributed  to  by  Boderic  Crandall,  who,  as  my  assistant, 
first  outlined  the  geology  of  the  interior  of  the  state  in  1908. 

Cretaceous  fossils  are  abundant  in  the  State  of  Sergipe.  The  paleon- 
tology of  the  state  is  described  in  Dr.  Chas.  A.  White's  important  "Con- 
tributions to  the  Paleontology  of  Brazil,"  published  as  volume  VTI  of  the 
archives  of  the  Museu  Nacional  of  Rio  de  Janeiro  in  1887. 

General  peology. — -Though  Sergipe  is  a  small  state,  its  geology  is  re- 
markably comprehensive,  and,  on  account  of  the  aecesaibilit?  of  the  rocks 
and  their  fossils,  it  affords  the  key  to  the  geology  of  a  large  part  of  Brazil. 
The  sequence  of  the  rocks  may  be  seen  in  the  Serra  Itabaiana  and  its 
prolongations,  from  the  Archean  area  about  the  village  of  Itabaians  to 
the  Tertiary  beds  near  the  seacoast.  The  ages  of  all  of  the  rocks  have  not 
yet  been  determined  with  certainty,  but  it  is  known  that  they  include 
representatives  of  Archean,  Paleozoic,  Mesozoic,  and  Cenozoic  beds,  some 
of  them  known  to  be  fossiliferous.  The  Archean  area  of  the  state  lies 
along  the  Rio  Sao  Francisco  from  just  above  Penedo  to  above  the  falls  of 
Paulo  Affonso.  The  Serra  Itabaiana  is  a  monoclinal  ridge  of  quartzites 
resting  on  the  Archean  rocks  and  dipping  eastward  toward  the  ocean. 
Above  the  quartzites  are  limestones,  shales,  and  sandstones  that  continue 
up  into  and  through  the  Upper  Cretaceous.    Still  higher  horizontal  sedi- 
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menta  near  the  coast  are  Tertiary.  West  of  the  Serra 
Miaba  is  an  area  of  limestones  and  shales;  the  CreU- 
ceous  series  about  Maroim  and  Larangeiras  also  conUins 
large  areas  of  limestones. 

Economic  geology. — The  limestones  and  clays  of  the 
Elate  are  very  abimdant,  are  available  for  the  manufac- 
ture of  Portland  cement  as  well  as  for  ordinary  lime,  and 
the  oolitic  limestones  on  Bio  Sergipe  would  make  excel- 
lent building  stones.  At  present  those  rocks  are  not 
I  used  save  for  the  manufacture  of  small  quantities  of 

0  lime  for  local  consutnptioa.     The  cream-colored  flaggy 

1  limestones  exposed  along  Bio  Cotinguiba  at  Sapucarv 
S  have  long  been  used  locally  for  foundations  and  for  walls 
J   ^    and  street  pavements. 

Is 

■J   5  Geologic  Maps  of  Sergipe 

t  S  Branner,  1913. — An  article  by  Branner  on  the  Eetan- 

X  I  cia  beds  of  Bahia,  Sergipe,  and  Alagoas,  published  in  the 

a  "f  American  Journal  of  Science,  volume  35,  for  June,  1913, 

I  i  page  619,  was  accompanied  by  a  small  map  showing  the 

^  I  geology  of  the  eouthwestom  part  of  the  Stato  of  Sergipe. 

S3  It  is  on  a  scale  of  1  to  2,500,000  and  shows  three  sub- 

«  a  divisions,  namely:    crystalline  complex,  Permian,  and 

S  "2  Cretaceous  and  Tertiary — the  last  two  as  one, 

8  2  Soper,  191i. — A  geologic  map  of  Sergipe  was  pub- 
^  I  lished  by  B.  H.  Soper  in  his  "Geologia  e  supprimento 
I  3  d'agua  eubterranea  em  Sergipe,"  etcetera,  publication 
«  g  iinmber  34  of  the  Inspectoria  de  Obras  Contra  as  Seccas. 
I  Itio  de  Janeiro,  July,  1914.     It  is  on  a  scale  of  I  to 

?<         1,000,000  and  shows  four  geologic  subdivisions,  namely: 

9  pre-Cambrian,  Paleozoic,  Permian  (?),  Cretaceous  and 
^  Tertiary — the  last  two  as  one. 

Bibliography  of  the  Oeology  of  Sergipe 

3.  C.  Rbannbb:  Cretaceous  and  Tertlar;  geology  of  tbe 
Serglpe-AIagoBB  Basin  of  Bracll.  Tranaacttons  of  rb« 
American  Phlloaophical  Society,  ISSS,  volume  XVI,  pai«a 
369-434.    Philadelphia,  1SS9. 

J.  C.  Bkanner:  a  geologia  cretacea  e  terdarla  da  bada  do 
Brazil  Sergjpe-Alagoas.  Trad,  de  Garda  Hunlz.  Pab- 
llcagSo  dlrlgida  por  Laudellno  Frelre.  12mo.  170  paglnas. 
Aracaju,  18»0.     (Contains  a  blbUograpby.) 
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E.  D.  Cor  :  A  ctmtrlbnUon  to  the  rertebrate  palaontolog;  of  BrozlL  Proceed- 
IngB  of  the  American  PblloMpUcal  Sodetf,  Tolome  XXIII,  pages  1-21. 
PbUadeltilila,  1886. 

Feusbilu)  FiBUO  HE  Ouvetka  Fbkike  :  Hlstorla  de  Serglpe,  1675-186C.  Bio  de 
Janedro,  1891.  Oaimt  IT,  paglnae  lU-lzrl,  on  tbe  geol<vy.  la  a  x6mxa6 
from  Uals  and  Hartt 

Ch.  FSed.  Habtt:  Geology  and  physical  geography  of  Brazil.  Maps  and  Illtw- 
traUcms,  xzll]  +  620  pages.    Boston,  18T0.     Serglpe,  at  pages  378^26. 

ALPHEC8  Hyatt:  Report  on  the  Cretaceous  fossils  from  Uarolm,  Province  of 
Sergipe,  BraaU.  Hartt's  geology  and  physical  geography  of  Braell,  pages 
38&^g3.    Boston,  ISTO. 

ALPmcuB  Hyatt:  Psendoceratttee  of  tbe  Cretaceous.  Monograph  XLIV,  U.  8. 
Geological  STirvey,  Washington,  1913.  Vatcocenu  BarttU  from  Serglpe, 
page  lOS,  plate  XIV. 

B.  H.  SoFBB :  Geologla  e  supprfmento  d'agna  anbterranea  em  Serglpe  e  do 
nordeata  da  Bahla.  Fobllcagfio  no.  34  da  Inapectorla  de  Obras  contra  aa 
Seccaa.    Bio  de  Janeiro,  1914.    100  paglnaa  e  carta  gcologlca. 

Chaucs  a.  Whrc:  ContrlbnlgjSes  &  Paleontologla  do  Brasll  (com  o  original 
em  Inglei),  Archlvoa  do  Mnsen  Naclonal.  Volume  VII,  4°,  paglnaa  1-278, 
and  28  plates.  Rio  de  Janeiro,  1SS7.  3S0  copies  of  this  retort  irere  leaned 
aa  a  spedal  edition,  dated  Waablngton,  Jannary  21,  1888,  under  the  title: 
*%ontrlbntlons  to  tbe  paleontology  of  Braall ;  comprising  deecrlpttone  of 
Cretaceous  inrertebrate  fosails  mainly  from  the  provinces  of  Ser^pe,  Per- 
nambnco,  Parft,  and  Bahla.    By  Charles  A.  White." 

Outlines  of  the  Econouic  Geoloot 
bssboal  obbertations 

It  is  not  my  purpose  to  go  into  details  in  regard  to  the  economic  geol- 
ogy of  Brazil  For  the  use  of  those  who  may  he  interested  in  this  par- 
ticular branch  of  the  snbject,  a  list  of  the  principal  mineral  resources  of 
Brazil  is  given  helov.  It  should  be  clearly  understood,  however,  that  this 
list  of  minerals  of  economic  importance  does  not  pretend  to  be  complete. 
For  example,  the  statement  that  the  principal  known  iron  deposits  are 
those  of  Minas,  ^atto  Grosso,  and  Sao  Paulo  is  not  meant  to  imply  that 
iron  does  not  occur  in  the  other  states.  It  must  be  constantly  kept  in 
mind  that  the  geology  of  Brazil  is  incompletely  known,  and  much  re- 
mains to  be  done  in  order  to  disclose  all  of  the  mineral  resources  of  the 
coontiy.  Xew  mineral  resources  are  being  discovered  from  time  to  time, 
and  it  is  reasonable  to  believe  that  Brazil  will  in  time  greatly  increase 
the  number  of  her  mineral  products. 

The  list  of  minerals  mentioned  below  must  therefore  be  regarded  as 
only  tentative  and  subject  to  change  in  accordance  with  any  facts  that 
may  come  to  light  and  to  developments  that  may  be  -made.  On  tbe  other 
band,  it  is  one's  duty  to  distinguish  between  the  simple  occurrence  of  a 
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mineral  and  its  availability  for  coromercial  and  industrial  purposes.  In 
regions  of  highly  metamorphosed  rocks  like  those  of  Minaa  Geraes,  Goyaz, 
parts  of  Bahia,  etcetera,  it  is  to  be  expected  that  a  long  list  of  minerals 
should  be  found,  though  many  of  them  do  not  occur  in  sufficient  abun- 
dance to  give  them  economic  importance,  in  so  far  as  we  now  know. 

There  are  no  comprehensive  works  on  the  general  economic  geology  of 
Brazil ;  but  a  somewhat  remarkable  work  and  one  well  worth  knowing,  if 
used  with  discrimination,  is  the  "Diccionario  Geographico  das  Minas  do 
Brazil,  por  Francisco  Ignaoio  Ferreira,"  published  at  Kio  de  Janeiro  in 
1885.  It  is  mostly  a  compilation  of  all  the  available  information  regard- 
ing the  mineral  resources,  whether  real  or  imaginary,  published  or  unpub- 
lished, of  each  of  the  Brazilian  states,  and  alphabetically  arranged.  It 
contains  many  notes  of  value  and  excerpts  from  the  leading  authorities, 
but  it  also  and  necessarily  contains  much  that  is  worthless  or  misleading. 
For  example,  every  state  and  almost  every  municipality  is  said  to  contain 
coal,  even  in  the  most  impossible  locations.  Of  course,  the  author  of  the 
work  is  not  responsible  for  such  claims. 

A  book  of  161  pages,  by  Dr.  Antonio  Olyntho  dos  Santos  Fires,  en- 
titled "Riquezaa  Mineraes,"  published  at  Bello  Horizonte  in  1903,  gives 
a  good,  though  brief,  historical  resume  of  the  mining  industry. 

Since  the  above  was  written  a  valuable  work  has  been  published,  "The 
Mineral  Deposits  of  South  America,"  by  Benjamin  L.  Miller  and  .Toeepli 
T.  Singewald,  Jr.,  New  York,  1919.  Chapter  V,  pages  148  to  238,  of 
this  book,  is  upon  the  economic  geology  of  Brazil,  and  is  accompanied  by 
a  brief  bibliography. 

METALLIC  MINBRALS * 

Iron. — Extensive  iron  deposits  of  excellent  quality — mostly  hematite, 
but  including  magnetite,  ochres,  and  other  forms  of  iron  ore — are  known 
in  Minas  Geraes,  SSo  Paulo,  Matto  Grosso,  Goyaz,  and  Bahia.  An  im- 
portant resum^  of  the  manufacture  of  iron  in  Brazil  is  given  in  the  paper 
on  the  subject  by  Dr.  Gonzaga  de  Campos,  director  of  the  Geological 
Service  of  Brazil.  So  far  as  we  now  know,  the  high  grade  ores  are  con- 
fined to  the  early  Paleozoic,  but  there  are  large  areas  of  lower  grade  ores 
in  the  Tertiar>'  and  Quaternary.  The  history  of  the  attempts  at  iron- 
making  at  Ipanema,  Sao  Paulo,  is  given  by  L.  Dupr4.  The  most  com- 
prehensive papers  on  the  subject  of  iron  in  Brazil  are  those  of — 

*  In  «rd«r  to  ane  the  papers  rllpd  by  iiitbon  undrr  (he  heids  of  ttie  Tarlons  mlnrrelf. 
n-e  reader  shonld  find  the  fuU  tltlpa  under  the  authur'a  name  as  given  In  Xbt  Ubllu- 
rraphlc  referenroa  of  each  state.  For  example.  Llahoa  (Matto  Groaao)  means  that  DDdrr 
Malto  Gro«BO  the  full  title  at  Dr.  Lliboa'a  paper  will  be  foimd. 
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Bello    (MiilBS) 
Bovet  (Minaa) 
Calogeras  (Sao  Paulo) 
CampoB 
Derby  (Mlsae) 
DnpT£  (^o  Panlo) 
Ferraud  (Minas) 
Gorceix  (Mlnas) 
Grai:a  (S9o  Paulo) 
Harder  and  ChamberUii  (Mines) 
Kidder  (Travels) 


Leltb  and  Harder  (Minas) 
Llslma  (Matto  Grosso) 
Porto  Seguro  (Minas) 
Richards  (Minas) 
SdiUch  (Minas) 
Scott  (Minas,  etcetera) 
Sena.  (Minas) 
Sllva  (Sao  Paulo) 
Thlr£  (Mluas) 
Wetter  (Sao  Panlo) 


Gold. — Gold  hae  been  mined  in  almost  every  state  io  Brazil,  but  the 
principal  producing  states  are  Minaa  Geraes,  Matto  Grosso,  Goyaz,  and 
Bahia.  Though  Brazil  was  at  one  time  the  greatest  gold-producing 
country  in  the  world,  there  are  now  but  few  rock  mines  in  that  country, 
and  those  are  all  in  the  State  of  Minas  Geraes.  A  great  deal  that  has 
been  written  on  the  subject  has  but  little  or  no  scientific  value.  The  most 
important  papers  are  by  the  following  writers : 


Berg  (Minas) 

B5hner  (Minas) 

Bovet  (Minas) 

Brazilian  Review  (Minas) 

Ckieta  (Babla) 

Cnmenge,  E.  (Minas) 

Eschwcge  (Minns) 

Ferrand  (Minas) 

Gorceix  (Minas,  Rio  Grande  do 

Sol) 
Groddeck  (Rio  Grande  do  Snl) 
Hnssak  (Minas,  Goyaz) 


Jacob,  R.  (Minas) 
Katzer  (Par&) 
Kltto  (Minas) 
Levat  (ParA) 
Moncbot  (Minas) 
Netto  (Rio  Grande  do  Sul) 
Porto  Segnro  (Minaa) 
Scbwerin  (Minas) 
Scott  (Minas) 
Sena  (Minas) 
Ta Tares  (Minaa) 
Tonzean  (Minas) 


Silver. — Silver  is  occasionally  reported,  but  in  all  cases  of  which  I  have 
any  knowledge  it  occurs  with  lead  in  the  form  of  argentiferous  galena. 
(See  Jos4  P.  X.  da  Veiga,  Bevista  do  Archive  Publico  Mineiro,  volume 
II,  pages  757-765.    Ouro  Preto,  1897.) 

Copper. — Copper  is  known  in  Bahia,  Cear4,  Rio  Grande  do  Sul  near 
LaiTas,  and  in  Matto  Grosso,  and  it  has  been  found  in  small  quantities 
in  Uinas  Geraes  near  Ouro  Preto  and  Sete  Lagoas  and  in  Santa  Cath- 
arina.     The  copper  ores  are  mostly  in  rocks  of  the  Brazilian  complex. 

The  principal  papers  on  copper  in  Brazil  are  those  of  Branner  on 
Bahia,  Gorceix,  Groddeck,  Netto,  Scott  and  Walther  on  Bio  Grande  do 
Sol,  Hnseak  on  Sao  Paulo,  Small  on  CearA,  and  Vandelli. 

Zinc. — Zinc  has  been  found  in  Minas,  but,  so  far  as  I  have  learned, 
□ever  in  commercial  quantities  (Sena).     A  little  is  also  found  in  the 
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gold  mines  of  Bio  Qrande  do  Sol  (Scott).    It  occnn  in  rocks  of  Archean 

Lead.-~-LeAi  ie  found  at  Abaet^,  in  the  western  put  of  the  State  of 
Hinu  Geraee,  vhere  attempts  vere  made  to  mine  it  in  1800,  in  181S,  in 
1885,  and  again  in  1880,  but  thus  far  without  snccees.  It  has  also  been  . 
found  in  a  few  other  places  in  Minas  and  in  Sao  Paolo,  Maranhao,  Santa 
Gatharina,  and  Rio  Grande  do  Sul,  but  it  has  never  been  BocceBsfnUy 
worked. 

Grodaeck  <Rlo  Grande  do  Snl)  Sonca  (HannMo) 

OIlTelra  <Uli>a8  and  Santa  Velgs  (Htnaa) 

Oatbarlna) 

I'm. — Tin  has  been  found  in  the  northern  part  of  Hinas,  but  only  aa 
mineral  specimens.  It  is  also  said  to  occur  in  Sao  Paulo  near  B&tea  and 
Antonio  Picon.* 

ilangan$se. — Although  Brazil  only  began  the  exportation  of  manganese 
in  1894,  Bince  the  year  1896  she  has  been  one  of  the  three  greatfist  pro- 
ducers of  manganese  ore  in  &e  world.  The  deposits  thus  far  worked  are 
in  Minas  Geraes  and  Bahia.  Newly  discovered  deposits  have  been  opened 
lately  on  the  lande  of  the  Saint  John  del  Bey  Mining  Company  near  Mom> 
Velho  in  Minas,  and  in  the  Jacobina  mountains  near  Bomfim  in  Bahia. 
Lisboa  reports  important  deposits  in  Matto  Grosso.  All  of  the  valueble 
deposits  are  in  either  early  Paleozoic  or  Archean  rocks. 

Beck  (Hlnas)  Kateer  (ParA) 

BeUet  (Bflnu)  Eoeller  (BrasU) 

Blrkenblne  <B»iU)  Lleboa  (BrasU) 

Branner  (Batila)  Lnstoea  (Hlnas) 

Camara  (Bahia)  Mlchaell  (Minas) 

Ooau  (Minas)  Olivelra  (Hlnas) 

Demaret  (BrasU)  Plres  (Minas) 

Derby  (Minas)  Boctaa  (Hlnas) 

Dleaeldorf  (Minas)  BleElnl  (Babla) 

Friz  (Minas)  Sampalo  (BabU) 

mrniss  (Babla)  Scott  (Minas) 

Greven  (Minas)  Slngewald  (Minas) 

Harder  (Minas)  Tbomas  (Hlnas) 

Hnssak  (Hlnas)  Wlgg  (Minas) 


*  J.  C.  da  Coitm  SeiiB :  Tbe  ocetHTencB  of  tin  In  HIum  Qenca.  Bmlllui  IflnlDc  B*- 
Tiew,  vol,  I,  pp.  93-S8,  RIo  Oe  JbdcIto,  Jalj,  1D03,  and  Annara  da  Bacola  de  Uiau 
number  S,  pp.  C-lt,     Oaro  Preto,  IBOS. 

loio  Pedro  Cardoao :  Relatorlo  da  CommfBalo  0«iKraphtea  t  Ocolosica  dc  Uo  Paulo 
para  o  anno  dc  1906.  p.  25.    Slo  Paolo,  190T. 
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Nieiel. — Xickel  in  the  form  of  gamierite,  the  hydroOB  silicate  of  tnag- 
neainm  and  nickel,  ie  known  near  LiTramento,  in  eoatbem  Minaa  Geraes, 
in  rocks  of  either  Paleozoic  or  Archean  age.* 

Chromium. — Chromiom  ia  not  worked  at  present  in  Brazil,  bnt  it  is 
probable  that  it  occurs  in  considerable  quantities  in  connection  with  the 
serpentines  of  Bahia,  Uinas,  etcetera.  Williams  reports  it  from  LiTra- 
mento, Uinas. 

Platinum. — Platinimi  has  long  been  known  from  Minas  Oeraes,  bat,  bo 
far  as  I  have  been  able  to  learn,  no  effort  has  been  made  to  work  it.  It 
appears  as  sands  in  connection  with  the  diamond-bearing  alluvial  deposits, 
and  in  the  auriferooa  iron  sands  of  Gongo  Soco  and  of  Itabira  do  Matto 
Dentro  and  on  Bio  Abaet^,  in  the  State  of  Minas  Oeraes.  Glanasen  says 
it  is  fonnd  also  at  Itamb^  (Notes  g^ologiqaes,  page  9)  and  elsewhere  in 
the  terrain  ^tranmeteiu."  The  best  paper  is  that  of  Hnssak,  an  abstract 
of  which  is  given  in  the  American  Journal  of  Science,  fourth  series,  vol- 
ume XIX,  pages  397-399,  1905. 

Boiusliisanlt  <Htiias)  Lampadlns 

Gdilen  Svanberg  (AnalTses) 

HonAoldt  Wonaflton 
Hnsaak  <UInaa) 

Palladium. — Palladinm  from  Brazil  is  treated  of  by  Lassaigne,  Seamon 
(Minas),  Wollaston,  and  Hussak  (Minas).  The  most  comprehensive 
paper  is  that  of  Hussak  in  the  Sitzungsberichte  of  the  Vienna  Academy, 
Abtheilong  I. 

Aluminum. — See  Bauxite  under  non-metallic  minerals. 

Tungaten. — Tungsten  is  reported  from  Espirito  Santo  and  Minas 
Geraes  by  Ft.  Freise,  Zeitschrift  der  Praktische  Geologic,  volume  XVIII, 
pages  143-146,  Berlin,  1910.  The  tungsten  minerals  etelzite  and  raspite 
also  occur  in  Uinas,  but  so  far  as  now  known  only  as  mineral  curiosities. 
Tungsten  is  likely  to  be  found  anywhere  within  the  area  of  the  granites 
and  gneisses. 

Mercury. — Cinnabar  ia  said  te  have  been  found  in  Minas  near  Ouro 
Preto  and  at  Tripnhi  and  Tres  Cruzes.  (See  Hussak,  Machado,  and 
Oliveira.) 

Molybdenum. — Francisco  de  Paula  Oliveira  reports  molybdennm  from 
Rio  de  Janeiro  on  the  road  from  Rio  to  Petropolis,  in  Paran&,  on  Rio 
Capivary  30  kilometers  from  Cnrytiba,  and  at  Bahli,  42  kilometers  from 
Itajahy  in  Santa  Catharina,  and  associated  with  copper  at  Palmas,  Rio 


•  H.  E.  WIIIbUBi :  Notm  lobrc  «  occuirenelft  de  urn  mineral  de  olckel  perto  d*  VtUa  de 
UTraineDto  .  .  .  Ulnai  Otnea.  Boletin  do  Mlnliterla  d>  Axrlculturn,  vaL  t,  na  1, 
pp.  21-38.    Blo  de  Janeiro,  1918. 
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Grande  do  SuI.  Its  association  with  graoitic  rocks  leads  to  the  inference 
that  it  is  to  be  looked  for  thronghout  the  Archean  area  of  Brazil.  (Fran- 
cisco de  Paula  Oliveira:  A  Molybdenita.     Curytiba,  1906.) 

yOK-MBTALLlC  UISERALS 

Coal,  lignite,  and  peat, — The  known  coal  deposits  of  Brazil  are  confined 
to  the  States  of  Parani,  Santa  Catharina,  and  Bio  Grande  do.  Sni,  where 
it  occurs  in  beds  of  lower  Permian  age.  The  mines  hare  long  been 
worked  in  Santa  Catharina  and  Kio  Grande  do  Sul.  In  Minas  lignites 
are  found  in  the  Tertiary  lake  deposits.  Ijguit«  occurs  over  a  wide  area 
in  the  Tertiary  beds  of  the  western  part  of  Amazonas.  See  under 
"Amozonas."  Peat  is  known  near  Campos,  in  the  State  of  Bio  de  Janeiro. 
Brazilini  coal  is  high  in  sulphur,  but  recent  experiments  show  that  it 
can  bewuccessfully  used  on  locomotives  in  pulverized  form.* 

A  full  list  of  references  to  coal  in  Brazil  is  given  at  pages  287-300  of 
I.  C.  White's  Beport  on  the  Coal  Measures  and  associated  rocks  of  south 
Brazil,  published  in  English  and  Portuguese,  xxviii -f- 617  pages,  4°, 
illustrated,  Rio  de  Janeiro,  1908. 


Campoa,  Oonsaga  de 

Jord&o 

Oliveira,  P.  3.  (Bahla) 

Dahne 

Katzer 

Peckenham 

Gintr 

Koeller, 

Parigot 

Gorceii  (Mtnas) 

Machaao  (Mlnas) 

Pedemeiras 

Qratean 

Macedo 

Plant 

Graca 

Meera 

Reohstelnn 

Gnlgnet 

Murray 

Santos 

Bolmea.  3.  A. 

OUveira,  E. 

Souza 

BnU 

Oliveira.  F.  de  P. 

Thornton 
White,  I.  C. 

Petroleum  and  oil  shales. — Up  to  the  present  time  petroleum  has  not 
been  found  in  paying  quantities  in  Brazil.  Petroliferous  shales,  however, 
have  been  reported  from  Alagoas,  Bahla,  Ceara,  Goyaz,  Maranhao.  Minai: 
Geraes.  Parani,  Santa  Catharina,  Sao  Paulo,  Rio  de  Janeiro,  and  Rio 
Grande  do  Sul.  They  are  found  from  the  Permian  to  the  Pliocene.  The 
most  important  papers  thereon  are  those  of — 


Bertrand  (Cear&) 
Branner  <AlagoaB) 
Burke  (peat) 
Campos  (Silo  Paulo) 
Gautier  (Sao  Paulo) 
Gorcelx   (Mlnas  and  Goyaz) 
Usboa  (Maranbao) 


*  ArrojBdo  Llsboa  :  O  problpti 


.  do  c< 


OIlTelra,  E.  de 

Redwood  and  Topley  (Alaeoasl 

Tassart  (Brazil) 

Talenttne 

Villa  Franca  (Peat.  Campos) 

White.  I.  C. 


e  of  Mtnlng  BDglae«n,  Dec*mber.  \a\* 
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Asphalt. — Asphalt  has  been  found  in  the  Permian  in  Parani,  but  it 
bas  not  been  vorked.  It  is  also  said  to  exist  in  the  Serra  do  Bufete  in 
Siio  Paulo,  vhere  it  impregnates  sandstone  (Euzebio  Paulo  de  Oliveira 
and  I.  C.  White). 

Building  stones. — The  building  stones  moat  extensively  nsed  in  Brazil 
are  the  granites,  which  occur  over  large  areas,  wherever  the  Brazilian 
complex  forms  the  surface  rocks.  The  quarries  of  Sio  de  Janeiro  are 
famous  for  their  beautiful  granites  and  gneisses. 

Marble. — ^Marble  occurs  in  great  abundance  in  Bahia,  Cearfi,  Espirito 
Santo,  &ratto  Grosso,  Minas  Geraes,  Parahyba,  Pemambuco,  Rio  <ie 
Janeiro,  Bio  Grande  do  Norte,  Bio  Grande  do  Sul,  Sao  Paulo,  and  Santa 
Catharina.  Stratigraphically,  marbles  extend  from  the  Archean  to  the 
Cretaceous. 

Limestone. — Limestones  other  than  marbles  are  abond&ut  in  Parfi, 
Ceara,  Bio  Grande  do  Norte,  Parahyba,  Pemambuco,  Sergipe,  Bahia, 
Minas  Geraes,  Sao  Paulo,  Parang,  Goyaz,  and  Matto  Grosso.  Strati- 
graphically, they  extend  from  the  Archean  to  the  Tertiary.  At  many 
places  they  might  readily  be  used  for  the  manufacture  of  Portland 
cement. 

Gypsum. — Wells  reports  a  cliff  of  satin-spar  60  feet  high  on  Rio  Gra- 
jahii,  State  of  ^laranhao,  a  few  kilometers  down  stream  from  the  port  of 
Ohapada.*' 

Anhydrite. — Anhydrite  is  reported  in  Minas  Geraes  near  Sabard  (Liais, 
Gt'ologie,  13!)). 

Magnesite. — Magnesite  is  reported  from  Archean  areas  at  Rio  Pardo 
and  Rio  Capivary,  in  Bio  Grande  do  Sul,  but  it  may  be  expected  in  Bahia 
and  Minas  and  in  connection  with  the  serpentines  and  dolomites,  wher- 
ever they  occur  in  Brazil — usually  in  the  Brazilian  complex.  Informa- 
tion available  about  the  magnesite  of  Bio  Grande  do  Sul  is  very  meager. 

Kaolin,  clay,  fullers  rartli. — Kaolin  is  found  at  many  places  where  the 
feldnpathic  rocks  of  the  Brazilian  complex  are  deeply  decomposed :  Itfinas, 
Espirito  Santo,  Rio  de  .Janeiro,  etcetera.  There  is  an  important  ceramic 
factory  at  Caethe,  in  Minaa,  where, the  local  clays  are  used." 

Glass  sands. — Glass  sands  are  abundant  here  and  there  along  the  coast 
of  Brazil  from  Espirito  Santo  northward  to  the  mouth  of  the  Ama^^on. 
There  are  some  noteworthy  deposits  near  the  mouth  of  Bio  Formoso. 
State  of  Pemambuco,     These  sands  are  usually  Quaternary  or  Recent. 

"].  W.  Wells:  Thr»  Ibontand  mllpB  through  BrBitt.  toI.  II.  p.  SflS. 

■Cyprlano  J.  Cnrrtlho :  Oramlea  Nadonal  riindada  »m  Caethft  Estado  dp  MtnaR. 
p»lo  Dr.  Joao  PInhelro.  ReTlBts  Indnstrlal  dp  Minns.  Tol.  HI,  pp.  ai3-21«.  in  Ar  Aiamn 
r  IS  de  Splpmbro  dp  ISnt. 
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Asbestos. — ABbestofi  has  been  found  in  Bahi&,  vhere  it  is  associated 
with  serpentines,  and  from  Santa  Lnzia,  State  of  Minas.  There  is  said 
to  be  a  deposit  at  Taqusral  near  Onro  Preto  and  one  near  Caethe,  at  a 
place  called  Betiro.  (Fr&nciBCO  de  Paula  Oliveira :  Berista  Indnatrial  de 
Uinae  Qeraes,  volume  I,  page  15,  October,  1893.) 

Talc. — Talc  occurs  in  large  quantities  in  the  old  metamorphic  rocks 
of  the  Brazilian  complex  in  Bahia  and  Minas  Qeraea,  and  probably  in 
man;  other  states,  in  association  vith  the  ciystalline  rocks.  It  has  long 
been  osed  locally  for  making  certain  cooking  utensils,  but  otherwise  it  is 
not  used  at  present. 

Mica. — Mica  is  known  to  occur  in  Sao  Paulo  at  Juqui&,  Ooyaz,  Espi- 
rite  Santo,  Minas  Geraes  (at  Bicas,  and  near  Manhuassu,  near  Santa 
Luzia  de  Carangola,  and  at  Fonseca),  Rio  de  Janeiro  near  Sao  Fidelis, 
Sergipe  and  in  Bahia  east  of  the  Serra  de  Jacobina,  and  near  the  falls  of 
Paulo  Affonso.  It  is  to  be  expected  in  pegmatite  dikes  in  all  states 
within  the  area  of  the  crrataUine  rocks.* 

Salt. — Salt  is  common  in  the  dry  or  semi-arid  limestone  regions  of  the 
interior.  Before  the  days  of  railways,  large  quantities  of  salt  were  manu- 
factured in  the  interior,  but  its  manufacture  is  now  almost  abandoned, 
on  account  of  the  facilities  for  obtaining  it  elsewhere  and  the  better 
quality  to  be  had  from  the  seacoast.  The  salt  made  in  the  interior  is 
produced  by  leaching  the  efflorescence  and  earth  from  dry  lake  beds  and 
then  evaporating  the  water  thus  obtained.  Places  noted  for  the  former 
manufacture  of  such  salt  are  the  Salitre  Valley,  in  Bahia;  Bio  Mosquito, 
in  Minaa  near  Grao  Mogol,  and  elsewhere  in  the  limestone  areas  of  the 
Rio  Sao  Francisco  and  Goyaz.  So  far  as  I  have  been  able  to  learn,  no 
beds  of  rock-salt  in  place  are  known  in  Brazil.  In  the  valley  of  the  Sao 
Francisco  the  salt  seems  to  have  some  definite  relation  to  the  Fennian 
limestones,  but  as  yet  it  is  not  clear  what  that  relation  is. 

Niter. — Niter  deposits  are  often  mentioned  as  Quaternary  and  Recent 
cave  deposits.  They  are  found  in  the  caves  of  all  parts  of  Brazil,  notably 
in  the  States  of  Ceari,  Pemambuco,  Bahia,  Espirito  Santo,  Minas  Geraes. 
and  Matto  Grosso. 

The  industry  is  an  uncertain  one,  and  under  ordinary  circumstances 
the  output  is  used  only  for  the  local  manufacture  of  gunpowder.  It  is 
capable  of  considerable  development. 


*  Jdlo  Pedro  Csrdoso  :  Belatorlo  da  CommlasBo  Ocograpblea  p  Groloclca  de  Slo  Paolo. 
no  dp  1007. 
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Coato  (HInu)  Prates  (Hlnat) 

Miranda  (Mlnaa)  SUvelra  (Mlnaa) 

Some  of  the  leucite-bearing  rocks  of  Brazil  may  yet  become  available 
for  the  maDnfacture  of  potaeb.  Foyite  cODtalning  8.78  per  cent  of  potash 
(E,0),  and  leucite-tingnaite  contaimiig  8.86  per  ccmt  of  potash,  are 
found  in  the  Serra  do  Tingui  in  the  State  of  Bio  de  Janeiro ;  lencitophyre, 
with  8.18  per  cent,  Ib  found  at  P090  de  Caldas,  and  leueite  granite  por- 
phyry, with  8.80  per  cent  of  potash  (KjO),  is  foTUid  on  Rio  Pardo  in  the 
Serra  de  Galdas.    The  last  two  places  are  in  southwestern  Uinas  Geraea. 

Graphite. — Qraphite  is  found  in  Archean  rocks  in  Uinas  near  Sao 
.Miguel"  and  about  Uinas  Xovas,  but  it  is  not  known  to  hare  been  mined. 
It  is  reported  near  Abrantes,  northeast  of  Bahia.  Freise  reports  it  from 
Fspirito  Sant»  and  Wells  reports  it  from  east  of  Cbapada,  in  the  State 
of  Uaranhao."  It  seems  to  be  confined  to  the  areas  of  the  Brazilian 
complex. 

Bauxite. — Bauxite  has  been  found  in  southwestern  Uinas,'  in  the  vicin- 
ity of  Po<;o  de  Caldas,  where  it  is  derived  by  decomposition  from  alkaline 
igneous  rocks.  Doctor  Lisboa  reports  it  in  the  State  of  Maranhao.  It 
occurs  in  the  form  of  sedimentary  deposits  along  some  of  the  tributaries 
of  the  lower  Amazon  Biver,  in  the  State  of  Far&.  It  has  not  yet  been 
worked  anywhere  in  Brazil. 

Later  discoveries  made  in  Uinas  lead  to  the  reasonable  expectation  that 
extensive  beds  may  yet  be  found  in  Brazil.    See  under  Uinas  Geraes. 

Monazite. — The  monazite  deposits  of  Brazil  have  been  known  and 
worked  only  since  1888.  They  occur  as  beach  sands  that  have  been 
washed  directly  from  Tertiary  sediments  that  were  derived  originally 
from  the  underlying  crystalline  rocks  of  the  Brazilian  complex  where  it 
is  a  wide-spread  rock  constituent.  The  deposits  that  are  worked  are 
along  the  beach  in  the  vicinity  of  Prado,  State  of  Bahia,  and  on  the  coast 
of  Espirito  Santo  north  of  Victoria.  Id  the  first  volume  of  his  "Minaa 
do  Brasil  e  sua  legialaQiio,  Dr.  Joao  P.  Calogeras  gives  a  good  r^um^  of 
the  Bubject  at  pages  447-477  and  adds  a  brief  bibliography. 
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Zirconia. — Thy  oxide  of  zirconia,  which  has  been  exported  from  Brgiil  , 
in  coneiderable  quantities  within  a  few  years  past,  is  derived  by  deeom-  , 
position  from  nepheline  syenites  and  other  kindred  rocks.     The  maletial  , 
was  first  found  as  water-worn  pebbles  in  stream  beds  and  as  aogular 
fragments  scattered  over  the  gronnd  in  the  vicinity  of  the  neplieline 
rocks  from  which  they  were  derived.     These  rocks  are  found  in  the 
vicinity  of  Caldas,  in  the  State  of  Minas  Qeraes,  and  near  Franca  and 
Jaciipiranga,  in  the  Stat£  of  Sao  Paulo.     It  is  probable  that  this  mineral 
may  occur  in  other  places  in  Brazil  where  there  are  nepheline  syenites.   ' 
They  are  known  at  present  at  Cabo  Frio,  Campo  Grande,  Itatiaia,  ami   ' 
the  peak  of  Tingua,  State  of  Rio  de  Janeiro,  and  they  probably  occur  at   ■ 
many  other  places  in  Brazil.     (See  Derby  on  the  nepheline  rocks  of   i 
Brazil,  and  E.  Huseak  and  J.  Beitinger  on  zirconia,  Qroth's  Zeitschrlft 
fiir  Kryatallographie,  1903,  volume  37,  pages  550-579.) 

J'kosphates. — The  island  of  Fernando  de  Noronha,  off  the  northeast 
(Miflst  of  Braeil,  is  the  only  place  that  is  known  to  produce  phospliaie 
rock.  It  is  found  there  as  a  Recent  or  Quaternary  deposit,  on  the  small 
island  known  as  Ilha  Rapta.  A  few  cargoes  are  said  to  have  htxn 
B)iippc<l,  but  the  lack  of  landing  facilities  is  said  to  have  prevented  the 
establishment  of  an  export  business. 

Papers  have  been  publishetl  on  the  subject  by  Bovet,  Derby,  Lasne. 
Sena,  and  Sobragy. 

Diamonds. — Diamonds  have  been  mined  in  Minas  Geraes,  Matto 
QroBBo,  Bahia,  and  Paran4.  The  diamond-mining  industry  of  Brazil 
diH^lined  greatly  after  the  discovery  of  diamonds  in  South  Africa,  but  it 
is  still  conducted  on  a  small  scale.  Most  of  the  diamoodi-  Found  i" 
Brazil  have  been  taken  from  existing  stream  channels,  or  from  olil 
stream  deposits  where  they  have  been  concentrated  by  natural  procesas 
from  the  rocks  of  the  surrounding  region.  Specimens  have  occasionally 
been  fouud  imbedded  in  the  hard  rocks,  usually  in  gravels  cemented  by 
iron  and  evidently  not  in  place,  but  they  have  also  been  found  in  Paleo- 
zoic quartzites.  Much  has  been  written  upon  the  origin  of  the  Brazilian 
(linmonds,  but.  whatever  their  remote  origin  may  have  been,  they  have 
thus  far  been  found  in  paying  quantities  in  Brazil  only  in  stream  chan- 
nels or  other  deposits  formed  by  concentration.  In  Parand  they  appear 
to  tie  derived  from  a  Devonian  basal  conglomerate.  In  Bahia  thev  con\e 
from  pink  quartzites  tentatively  referred  to  the  Carboniferous.  At 
(Inlo  Jlogol,  in  northern  Minaf.  they  also  occur  in  quartzites.  The  min- 
erals associated  with  diamonds  in  Brazil  suggest  that  their  genetic  rela- 
tions arc  with  deep-seated  granites,  metamorphics,  and  pegmatites  rather 
than  with  eruptives.     In  the  i^tate  of  Bahia.  at  least,  no  eruptive  rocks 
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are  known  in  the  neighborhood  of  the  diamonds,  except  at  a  single  place 
where  a  small  diabase  dike  breaks  through  the  diamond-bearing  qnart- 
zitea  vithout  affecting  perceptibly  the  surroanding  rocks.  In  spite  of 
their  great  economic  importance,  there  has  never  been  any  systematic 
work  done  on  the  geology  of  the  diamonds  of  Brazil,  and,  as  Calogeras 
irell  remarks,  "presqne  tons  les  gisements  diamantiferes  du  Br6sil  ont 
cte  d^nverte  par  hazard."  ** 

From  private  sources  I  have  lately  heard  reports  of  the  discovery  of 
diamonds  at  several  places  in  the  State  of  Minas  Geraes  in  peridotite 
pipes  similar  to  those  in  which  diamonds  occur  in  South  Africa.  These 
reports  require  confirmation. 
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Carbonados,  or  black  (Ziawionrf.'t.-^Carbonados  are  only  found  in  con- 
siderable numbers  in  the  State  of  Bahia,  where  they  are  associated  with 
nrdinary  diamonds."^  Like  diamonds,  they  are  found  in  stream  beds  and 
in  old  stream  deposits,  hut  they  have  lieen  derived  directly  from  quart- 
zites.  The  rocks  of  the  surrounding  region  from  which  the  carbonados 
have  come  are  all  gently  folded,  false-bedded,  pinkish  quartzites,  and 
Therever  these  quartzites  have  softened  by  weathering,  the  miners  have 
broken  them  up  and  washed  them  for  the  carbonados  thus  set  free. 
These  carbonado-bearing  rocks  are  possibly  of  Carboniferous  age,  but  no 
fwsils  have  yet  been  found  in  them  and  their  age  is  therefore  in  doubt 
The  region  of  the  black  diamond  is  hilly  and  for  the  most  part  forest- 
covered.     It  is  supposed  that  the  carbonados  have  originated  in  the  same 

"RcTlata  Indnatilal  de  Hlnas  Geran  II.  E.  IK  dc  Tnnho  de  ISSB. 

"Dr.  Antonio  Olrntho  reports  carboQadon  from  Rio  Abaet4  tn  tbe  State  of  Ulnu 
Ittan.    AoDaea  da  Bscola  de  MIdbb.  number  t,  paEe  116.     Bio  de  Janeiro.  ISSS. 

XXIII— Bni-i..  Oeol.  Snr.  Ah.,  Vol.  30,  1918 
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way  &fi  the  diamonds,  but  their  origin  is  not  altogether  dear.  It  eeeme 
qnite  evident,  however,  that  th^  are  not  genetically  or  directly  related  to 
volcanic  rocks. 

The  geology  of  the  black  diamond  regioD  of  Bahia  is  described  bj 
Branner,  Cr&ndall,  and  Derby.  Other  writers  on  carbonados  are  Bas- 
zanger,  Damon,  Descloieenz,  Fumiss,  Gama,  GulUna,  Lawrence,  Moisaan, 
Howe,  and  Stehr. 

Other  precious  atones. — Brazil  has  produced  many  precious  stones  be- 
sides diamonds,  notably  rubies,  garnets  (Oliveira),  emeralds,  agates, 
topazes  (Gorceiz),  phenacites  (see  Goldschmidt,  Slavek,  Smith).  The 
phenacites  are  from  Piracicaba,  State  of  Ifinas.  (See  also  Husaak  and 
Femaades.)  These  stones  usually  come  from  the  regions  of  the  Bra- 
zilian complex;  the  agates  come  chiefly  from  Bio  Grande  do  Snl,  where 
they  have  weathered  from  the  "trapp"  beds. 

The  MININ0  I-Awa  op  Brazil 

aaSBRAL  OBBBRVATtOSB 

In  Bonhfe's  "Geologia  Elementar,"  published  iu  Rio  de  Janeiro  in 
1846,  there  is  an  appendix,  without  the  name  of  the  author,  entitled  "In- 
dice  da  legisla^ao  Portuguese  sobre  as  minas  do  Brasil,"  which  brings 
1be  subject  down  ot  the  year  1816. 

A  chronologic  list  of  the  old  mining  laws  of  Brazil  is  given  in  "Livro 
das  terras,  on  coIIecQao  de  leis,  regulamentos  e  ordene,"  etcetera,  etcetera, 
por  I.  M.  P.  de  VasconceUos,  4»  edigao,  Eio  de  Janeiro,  1885,  pages  251- 
866,  under  the  title  "Legislagao  a  respeito  das  minas.  Indice  chrono- 
logico  das  leis  sobre  minas  do  Brazil  desde  o  seu  descobrimento  at£  1817." 
(Extrahido  do  archivo  da  Torre  do  Tombo  de  Lisboa.) 

When  the  Republic  of  Brazil  was  established  the  new  constitution  made 
the  following  provisions  in  regard  to  public  lands : 

Article  64:  "The  mines  and  lapsed  lands  In  their  respective  territories  be- 
long to  ttie  States,  the  Union  being  entitled  onlj  to  the  amonnt  of  terrltorj 
that  ma^  be  lndlBpensable  for  the  defense  of  the  frontiers,  fortifications,  mtll- 
tary  constractlons,  and  federal  railways." 

Article  72,  section  17 :  "The  right  of  ownership  Is  maintained  in  all  Its  fall- 
uesa,  excepting  disappropriation  for  public  necessity  or  atUlty  and  after 
prevloQB  Indemnity. 

"The  mines  belong  to  tbe  owners  of  the  soil,  excepting  the  llmltaUoua  that 
ma;  be  establlBhed  by  law  for  aiding  the  exploration  of  this  bran<di  of  In- 

These  provisions  lead  one  to  infer  that  legislation  in  regard  to  mining 
lands  lies  with  the  Individual  states.     However,  the  National  Congress 
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of  Brazil  passed  a  general  mining  law,  and  it  was  approved  and  pnt  in 
force  by  the  President  January  6,  1915.  It  is  decree  number  2933. 
This  lav,  translated  into  English,  may  be  seen  with  the  Bnrean  of  Mines 
at  Washington. 

So  far  aa  I  know,  Bahia  is  the  only  state  that  has  a  code  of  mining 
laws.  In  other  states  legislation  in  regard  to  mineral  lands  is  more  or 
less  indirect,  obscure,  and  nnsatisfactory. 

The  early  history  of  mining  in  the  State  of  Minaa  Oeraes  is  given  in 
Dr.  Felicio  dos  Santos'  Memorias  do  Districto  Diamantino,  chapter  28, 
pages  295-307,  Bio  dc  Janeiro,  1868.  The  mining  laws  of  the  State  of 
Minas  Geiaes  are  listed  in  the  Annaes  da  Escola  de  Minaa,  number  3, 
pages  239-250,  Rio  de  Janeiro,  1884. 

A  brief  history  of  mining  in  Brazil  is  given  by  Dr.  Antonio  Olyntho 
dos  Santos  Fires  in  his  paper,  "A  MiDera<;ao ;  Biquezas  Mineraes,"  pub- 
lished at  Bello  Horizonte  in  1903,  and  in  the  "Livro  do  Centenario," 
volume  III.  It  was  also  published  in  English  in  the  "Brazilian  Mining 
Review,"  at  Rio  de  Janeiro,  volumes  II  and  III. 

In  his  third  volume,  beginning  at  page  243,  Dr.  Calogeras  gives  a 
r^um6  of  the  legislation  of  the  various  8tat«s  existing  at  the  time  bis 
book  on  "As  minas  do  Brasil  e  sna  legisla^ao"  was  published,  in  1906. 
(See  third  title  below.) 
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WoBKS  OF  Travel  in  Brazil 

Those  who  work  or  travel  in  Brazil  and  those  who  wish  to  inform 
themselves  about  that  country  will  naturally  want  to  read  books  of  travel 
thereon.     The  following  are  mostly  old  books,  but  they  are  among  the 
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best  In  reading  them  one  must  keep  in  mind  that  modem  improve- 
menta  have  worked  great  changes  in  Brazil,  just  as  they  have  in  other 
countries.  A  valuable  hile  work  is  "Brazil  today  and  tomorrow,"  by  L.  E. 
Elliott,  xi  +  338  pages,  New  York,  1917.  It  is  not  a  work  of  travel,  but 
it  gives  much  useful  and  trustworthy  information  about  the  country  at 
the  present  time. 

I'roteeeoi*  and  lira.  Louis  Aoabsiz  :  A  Journey  in  BrazU.  xlx  ■+■  4S0  pages, 
lUoatrated.  Boston,  1868.  This  work  was  published  In  French  at  Paris. 
1869. 

Hbkbt  Walter  Bates  :  The  naturalist  on  the  River  AmsEon.  Several  edltloiis. 
Illustrated.  London,  1863  to  1892.  A  delightful  book  describing  the  an- 
thor's  life  In  the  upper  Amaion  Vallef. 

TuouAS  P.  Bioo-Witbeb:  Pioneering  in  south  Brazil.  Two  volnmes,  lUn^ 
trated.  London,  18T8.  The  author  was  a  civil  engineer;  his  book  tells  of 
his  ll'e  in  the  interior  of  Paranfl. 

BicHABD  F.  BnsTON ;  Explorations  of  the  highlands  of  Bradl.  Two  yolumes. 
Illustrated.  London,  1869.  The  book  describes  a  trip  through  Hlnos 
Oeraes  and  down  Rio  SSo  Francisco  to  the  ocean. 

Gkobge  Qabdnd:  Trav^  in  the  interior  of  Brazil  .  .  .  during  the  jearx 
1836-1841.  8°,  xvi  +  S62  pages.  London,  1846  and  1849.  The  author  was 
an  English  botanist;  most  of  his  travels  were  In  Cearfi,  Plnuta;,  Bahia, 
end  Mtnas  Gerses. 

DAniEi.  Kidder:  Sketches  of  residence  and  travel  in  Brazil.  Two  volumes. 
Illustrated.  Philadelphia,  1845.  Dr.  Kidder  was  a  Protestaat  mlssionarf. 
He  traveled  over  nearly  all  of  BrazU  and  wrote  simply  and  clearly. 

Hkhkt  Kostbb:  Travels  In  Brazil.  Second  edition,  two  volumes.  London. 
1817.  It  has  been  published  also  In  French  and  German.  The  author 
traveled  in  Pemambuco,  pBrahyba,  Klo  Grande  do  Norte,  and  Ceara. 

Aloot  Lanoe  :  The  lower  AmsEOa.  8°,  illustrated,  480  pages.  New  Zork,  1914. 
Observations  in  regard  to  the  conditions  of  life  In  the  region  about  Psrft. 

John  Mawe:  Travels  In  the  Interior  of  Brazil,  pariJcuIarly  in  the  gold  and 
diamond  districts  of  that  country.  8°,  Illustrated.  Philadelphia,  181U, 
There  sre  other  editions  besides  those  In  Frencli,  Italian,  Dutch,  and  Ger- 
msn.    This  is  the  first  authentic  account  of  the  mining  regions  of  Brazil. 

AuouBTE  m  SAIRT-HII.AIBB :  This  author  was  a  distiuguiahed  French  botanic 
who  wrote  a  series  of  volumes  giving  detailed  accounts  of  his  travels  In 
different  parts  of  Brazil.  He  was  a  keen  observer  and  a  faithful,  trust- 
worthy writer.  His  travels  are  given  here  In  the  order  of  thdr  publi- 
cation : 

1.  Voyage  dans  les  provinces  de  Rio  de  Janeiro  et  de  Hinas  Genes. 

Two  volumes.    Paris,  1830. 

2.  Voyage  dans  le  district  des  dlamans  et  sur  le  littoral  du  Br^Jl. 

Two  volumes.    Paris,  1833. 

3.  Voyage  aux  sources  du  Rio  de  ^o  Francisco  et  dans  le  pr«vlni* 

de  Goyaz.    Two  volumes.     Paris,  1S4S. 

4.  Voyage  dans  I'lnterleur  du  Itrf.ill.    Two  volumes.    Paris,  18S0. 

6.  Voyage  dans  les  provlnceti  de  Saint  Paul  e  de  Sainte  Catherine. 
Two  volumes.    Paris,  186L 
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Heueit  H.  Smith  :  Brazil,  the  AmaEone  and  the  coast.    8°,  lllnstrated,  444 

paged.    New  York,  1879. 
RicHAiD  Spbuce:  Notes  of  a  botanist  on  the  Amazon  and  Andes,  edited  by 

A.  R.  Wallace.    Two  volumes,  Illustrated.    London,  1908. 
Jahes  W.  Wells:  Exploring  and  traveling  three  thoasand  miles  tbrough 

Brazil  horn  Rio  de  Janeiro  to  MaranMo.    Two  volumes,  8°,  Illustrated. 

LoDdoD,  1886.    The  anthot  was  a  civil  engineer:  the  book  is  Interesting 

and  truBtworthy,  bnt  it  contains  a  great  many  absurd  errors  In  Portuguese. 

Climatic  Conditions 

Inasmuch  as  Brazil  lies  mostly  within  the  tropics,  it  is  important  that 
the  climatic  conditions  he  kept  in  mind,  both  in  connection  with  field- 
work  in  geology  and  with  the  carrying  on  of  mining  and  other  operations 
directly  related  to  geology. 

Some  partfi  of  Brazil  have  as  fine  climate  as  can  be  found  anywhere  in 
the  world;  such  are  the  highlands  of  Minas  Geraes  and  Qoyaz  and  the 
iijitthem  states^ — ^Sao  Paulo,  ParanA,  Santa  Catharina,  and  Rio  Grande 
Ho  Sul.  The  high,  dry  parts  of  the  interior  are  usually  healthful,  but 
the  swampy,  forest-covered  portions  of  Amazonas,  Farfi,  and  Matto 
Oroeso  should  be  avoided  unless  one  i^  proof  against  malarial  and  in- 
testinal diseases. 

OF  the  practical  difBculties  of  dealing  with  malarial  and  other  tropical 
diseases  in  the  Amazon  forest  regions  one  can  get  an  idea  by  reading 
"Kecol lections  of  an  ill-fated  expedition  to  the  headwaters  of  the  Madeira 
River  in  Brazil,"  by  Neville  B.  Craig,  Philadelphia,  1907,  No  one 
should  delude  himself  by  supposing  that  the  sanitary  measures  that  have 
Wn  so  successfully  carried  out  on  the  Panama  Canal  Zone  and  in  the 
cit^'  of  Rio  de  Janeiro  are  practicable  in  a  region  like  that  of  the  Amazon 
Valley. 

Good  works  on  the  climate  of  Brazil  are : 

F.  H.  Dkaehebt:  O  cUma  do  Brasll.    Rio  de  Janelni,  1890. 

KCbuls:  Le  cllnat  de  RIo  de  Janeiro  (also  In  Portuguese).  Rio  de  Janeiro, 
16»2. 

!>.  Cbuls  :  Le  cllmat  du  Br^il,  Paris,  1896. 

C.  U.  Deloado  pe  Oakvalho  :  H^t^rologie  dn  Br^sU.  8°,  Illustrated.  Lon- 
don. 1917.    This  last  has  a  bibliography  at  pages  R18-fi26. 


)vGoo<^lc 


jiGooi^le 


BULLETIN  OF  THE  feEOLOGICAL  SOCIETY  OF  AMERICA 
Vol,  so,  pp.  as«-37S,  pis.  ii-ia      September  so,  i»i9 


GEOLOGY  AND  STKATIGHAPHY  OF  THE  AREA  OF  PALEO- 
ZOIC ROCKS  IN  THE  VICINITY  OP  HUDSON 
AND  JAMES  BAYS ' 

BY  T,  E,  SAVAQE  AND  FRANCIS  M,  VAN  TtTYL 

{Presented  before  the  Society  December  29,  1916) 

CONTENTS 

Introdactloa 840 

ClusslficadoD  ot  Paleozoic  rocks  of  Hudson  and  James  Bay  region 311 

Ordovidan  rocks  In  the  Hadeon  Bay  region 342 

luxation 342 

Earlier  etodlea. .     .    342 

Present  studies -. 343 

Ordorlclan  deposits  exposed  on  Nelson  River 344 

Nelson  River  limestone 344 

SliammattQwa  limestone  along  Nelson  River 345 

Port  Nelson  limestone  alon;  Nelson  River 345 

Detailed  section  of  Paleozoic  strata  exposed  along  Nelson  Blver 346 

Correlation  of  Nelson  Rivet  limestone 348 

OrdoTlcian  rocks  exposed  on  Shammattawa  River 349 

Section  of  rocks  exposed  on  Shammattawa  River 349 

Correlation  of  the  Shammattawa  limestone 392 

SUurtan  rocks  in  the  Hudson  Bay  ref^on 353 

Earlier  studies 353 

Present  studies  355 

Detailed  section  of  strata  exposed  along  Severn  River 356 

Wlnisk  River  section 360 

Section  of  rocks  exposed  along  Wlnisk  and  Shammattawa  rivers 361 

Ekwan  Eiver  section 363 

Correlation  of  the  Silurian  formations  of  the  Hudson  Bay  region 367 

In  general 367 

Port  Nelson  limestone 367 

Severn  River  limestone 367 

Ekwan  River  limestone 387 

Attawapiskat  coral  reef 3^ 

Devonian  rocks  in  the  Hudson  and  James  Bay  region 37O 

Earlier  studies 370 

Stmcture  of  the  strata 372 

t  UaoDMrlpt  received  br  tbe  Secretsrj  of  tlie  Society  October  2t.  1918. 

XXIT— Bci.L.  Geol.  floe.  AU..  Vol..  30,  IBIS  (-S3&) 


JyGOO'^IC 


0  PALSOZOIC  ROCKS  OF  THE  HUDSOX  BAY  BEQION 

PMK 

Detailed  eecUon  of  Devonian  strata  exposed  along  AblUbl  River 373 

Correlation  of  Devonian  strata  exposed  along  Abltlbl  Blver 3T5 

Sextant  sandstone  and  shale 375 

Abitibi  River  limestone 3T5 

Long  Rapids  sbale 377 


ImnODDOTION 


The  explorations  of  several  geologiata  have  contributed  to  our  knowl- 
edge of  the  Paleozoic  rocks  of  the  Hudson  Bay  region,  among  whom  the 
names  of  Bell,  Tyrrell,  Mclnness,  and  Parks  will  always  be  associated  is 
an  important  way  with  the  geology  of  this  region.  These  men  have  shown 
that  Ordovician,  Silurian,  and  Devonian  strata  are  represented  in  the 
great  sedimentary  outlier  lying  west  and  south  of  Hudson  and  James 
bays.  However,  the  succeseion  and  detailed  sections  of  the  formations 
bad  not  been  made  out,  and  it  had  not  been  detemuned  in  all  cases  what 
horizons  of  these  systems  were  present  in  the  region,  nor  was  it  certain 
that  all  of  the  formations  there  present  had  been  recognized. 

From  the  standpoint  of  paleogeography  and  historical  geology,  it  is 
highly  desirable  that  the  definite  and  complete  sequence  of  the  Paleozoic 
formatioDS  and  their  faunas  in  this  region  should  be  determined,  as  from 
these  could  be  established  what  northern  sea  connections  existed  during 
the  deposition  of  corresponding  deposits  in  other  parts  of  the  continent 
Such  a  systematic  study  of  the  stratigraphy  of  this  region  was  recently 
made  possible  by  a  grant  from  the  Graduate  School  of  the  University  of 
Illinois,  and  an  expedition  to  the  region  was  made  by  the  writers  daring 
the  summer  of  1916. 

It  was  known  in  general  that  the  Ordovician  strata  were  present  far- 
thest north  in  this  region,  and  that  younger  Siltirian  and  Devonian  beds 
bordered  the  bay  successively  farther  south.  The  distribution  of  the  rocks 
of  the  various  systems  suggested  that  the  strata  dipped  toward  the  bay  at 
a  rate  somewhat  greater  than  the  fall  of  the  streams,  and  that  along  tb« 
rivers  the  older  rocks  were  exposed  farthest  west  and  enccessively  younger 
strata  would  be  encountered  farther  east  toward  the  bay.  It  was  thought 
that  by  making  as  detailed  sections  and  as  full  collections  of  fossils  as 
possible  across  the  belt  of  each  system  on  at  least  two  or  three  rivers,  and 
combining  these  sections,  a  rather  complete  succession  of  the  rocks  present 
would  be  obtained.  On  account  of  the  low,  swampy  character  of  the  inter- 
stream  areas  and  the  thick  accumulations  of  peat  and  moss  that  genersIlT 
cover  the  surface,  the  rock  exposures  are  practically  confined  to  the  banks 
of  the  larger  streams  which,  almost  without  exception,  flow  across  the  belt 
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of  sedimeotary  strata.  Hence  the  plan  of  work  vae  to  follow  up  a  river 
with  canoes,  portage  across  the  divide  into  the  adjacent  river  basin,  follow 
that  down  to  the  bay,  proceed  along  the  coast  of  the  bay  to  the  next  im- 
portant rirer,  ascend  this,  cross  the  divide,  and  follow  down  the  next, 
etcetera.  In  this  maimer  the  sequence  and  detailed  sections  of  the  strata 
and  a  carefnl  collection  of  their  fossils  were  made  of  the  Ordovidan  rocks 
exposed  along  Nelson  and  Shammattawa  rivers;  of  the  Silurian  strata 
along  the  Severn,  Winisk,  and  Ekwan  rivers,  and  of  the  Devonian  beds 
at  the  Boath  end  of  the  bay,  along  the  Moose  and  its  tributary,  the  Abitibi 
River. 

The  general  saccession  and  classifcation  of  the  Paleozoic  rocks  recog- ' 
nized  in  the  Hudson  Bay  region  is  shown  in  the  following  table: 

Clashfioation  of  Paleozoic  Rocks  of  Hudson  and  James  Bat 
Beoion 

Devonian  erstem 
Upper  DevoniaD 

Long  RaptdB  shale  ""in  fSM* 

Correlated  wltta  the  Sweetland  Greek  shale  ot  Illinois 
and  Iowa  and  with  the  corresponding  shale  horizon  in 

other  parts  o(  North  America KK 

Abitibi  River  limestone 

Correlated  with  the  lower  strata  of  the  Upper  Devonian 
In  Iowa  and  northwest  Illinois;  Dpper  rocks  of  Devo- 
nian age  In  the  Lake  Winnipeg  region  and  farther  west 

and  northwest  In  North  America Abont  110 

Middle  Devonian? 

Sextant  sandstone  and  shale 

Contains  no  fossils ;  presumably  Middle  Devonian,  but  In 
the  abaeni^e  of  fossils  no  correlation  has  been  attempted  73 

Sllartan  system 
Nlagaran  series 

Attawaplskat  coral  reef 

Correlated  In  time  with  the  late  Nlagaran  rocks  contain- 
ing nnmerous  corals  In  Ontario  and  the  upper  MIssIr- 

Blppl  Valley  About  86 

Ekwan  River  limestone 

Correlated  with  the  rocks  of  early  to  middle  Nlagaran 
age  In  Ontario,  and  abont  equivalent  in  time  to  the 
lower  and  middle  parts  of  the  Nlagaran  of  the  upper 

Mississippi  Valley  About  100 

Alexandrian  series 

Severn  River  limestone 

Correlated  with  the  lower  part  of  the  Silurian  rocks  In 
the  Lake  Tlmlskamlng  region,  the  lower  part  (Hen- 
dricks dolomite  and  Flboni  limestone)  of  the  Silurian 
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of  northern  Michigan,  and  the  upper  part  oC  the  Silu- 
rian rocks  west  of  Lake  Winnipeg ;  with  the  Cataract 
formation  of  Ootarlo,  aad  the  Sexton  Creek  and  Brase- 
fleld  limestones  of  the  Mississippi  Valler 

Port  Nelson  limestone 

Correlated  wlOi  the  basal  part  of  the  Stonewall  limestone 
of  western  Manitoba,  especially  the  lower  part  of  the 
Silurian  exposed  io  the  vicinity  of  Grand  Rapids  of 
Saskatchewan  River;  with  the  upper  part  of  the  May- 
ville  limestone  of  Wisconsin,  and  with  the  lower  part 
of  the  Silurian  limestone  In  Alaska,  Utah,  and  western 

North  America  Abont 

Ordovldan  system. 
Cincinnati  an  series 

Sbammattawa  limestone 

Correlated  with  the  Upper  Ordovldan  (Stony  Monntain) 
limestone  in  the  vicinity  of  Lake  Winnipeg;  the  Fish 
Haven  dolomite  of  Utah;  the  Bighorn  dolomite  of 
Wyoming,  and  the  upper  and  middle  parts  of  the  Fre- 
mont limestone  of  Colorado.  Equivalent  in  time  tu 
some  part  of  the  Richmond  and  Maqaoketa  of  the  Ohio 

and  Mississippi  valleys T 

Mohawklan  series 

Nelson  River  limestone 

Correlated  with  the  lower  Ordovlcian  rocks  of  the  Lake 
Tlmlakaming  region ;  the  Winnipeg  limestone  in  the 
vicinity  of  Lake  Winnipeg.  About  equivalent  In  time 
to  the  Oalena  limestone  of  the  upper  Mississippi  Valley 
and  the  Trenton  limestone  of  New  York  and  eastern 
Canada   About 

Ordovician  Rocks  in  the  Hudson  Bay  Region 


The  main  body  of  Ordovician  Etrata  in  the  Hudson  Bay  region  occurs 
in  the  northern  part  of  the  sedimentary  area  where  they  outcrop  in  a 
broad,  roughly  crescentic  belt  that  is  bounded  on  the  west  by  pre-Cam- 
brian  crystallines  and  on  the  east  by  the  Silurian  strata  which  lap  on 
them  or  in  places  transgress  tbem  in  a  westward  direction. 

EARLIER  8TUDIEB 

Ordovician  rocks  on  the  Nelson  and  Churchill  rivers  were  briefly  de- 
scribed by  Bell"  in  1879.    On  the  basis  of  the  very  few  fossils  collecttil 
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hy  Bell,  Whiteaves  referred  these  rocks  to  the  Trenton  limestone  and 
congidered  them  the  equivalents  of  the  Qalena  limestone  of  WiBconsiu 
»nd  Illinois.  The  Ordovician  limeBtones  ontcropping  on  Churchill  River 
overlie  a  massive,  dark  gray  qnartzite  which  outcrops  at  the  mouth  of 
this  river  and  which  Bell  compared  with  the  gold-bearing  lower  Cambrian 
qnartzitea  of  Kova  Scotia,  while  along  the  Nelson  River  these  limestones 
rest  on  what  are  thought  to  be  pre-Cambrian  crystallines. 

The  geology  of  the  Nelson  and  Churchill  riverB  baa  been  more  recently 
treated  by  Mclnness,'  who  summarized  the  results  of  Bell's  work  and 
discussed  additional  data  gathered  by  himself.  His  studies  of  the  sedi- 
mentary rocks  were  meager,  and  little  new  of  importance  was  added. 

In  the  report  of  the  Hudson  Bay  exploring  expedition  of  1918  by  J.  B. 
Tyrrell,*  the  Ordovician  rocks  on  the  Shammattawa,  a  branch  of  Hayea 
River,  were  described  and  a  list  of  fossils  identified  by  Parks  was  given, 
on  the  evidence  of  which  the  rocks  were  considered  about  the  age  of  the 
top  of  the  Trenton  of  eastern  Canada. 

The  presence  of  Ordovician  rocks  much  farther  south  was  shown  by 
Whiteaves  from  a  study  of  fossils  collected  by  Wilson*  on  the  Drowning 
and  Little  Current  rivers,  two  tributaries  of  the  Kenogaini,  a  branch  of 
the  Albany  River  west  of  James  Bay. 

From  fossils  collected  near  the  head  of  Frobisher  Bay,  Schuchert*  has 
demonstrated  the  presence  of  corresponding  Ordovician  strata  as  far  north 
as  Baffin  Land. 


The  present  studies  of  the  Ordovician  rocks  in  the  Hudson  Bay  region 
were  confined  to  outcrops  along  Nelson  and  Shammattawa  rivers  and  a 
few  of  their  tributaries. 

Outcrops  of  Ordovician  limestone  and  dolomite  occur  at  intervals  in 
the  banks  of  Nelson  River  for  a  distance  of  about  22  miles.  The  oldest 
strata  are  exposed  farthest  west — about  95  miles  above  the  mouth  of  the 
river  and  only  a  short  distance  east  of  an  outcrop  of  crystalline  rock — 
hut  the  contact  of  the  limestone  with  the  crystallines  was  not  seen  at  this 
place.  These  limestones  include  strata  corresponding  in  age  to  the  latter 
purl  of  the  Mohawkian  epoch,  about  the  time  of  the  Galena  dolomite,  and 

'William  Uclnneu :  The  bulni  of  Nelson  anil  Charchlll  rlrera.  Canada  Dept.  of 
HloM,  Mem.  no.  30,  1613,  pp.  1-142. 

'I.  B.  Trrrell :  Hndaon  Bay  explorlug  expedition.  Z2d  Rept.  Ontario  Bureau  of  Ulues. 
1»1S.  pp.  188-239. 

■W.  J,  Wilson  ;  Geological  reconnalsaaace  of  a  portion  of  Algoma  and  Tbnnder  Hn^ 
dialrlet*.  Ontario.    Canada  Geol.  Surrey.  1909.  pp.  49  and  ff. 

'Chirtei  Schuehert:  Proc.  U.  8.  Nat.  Mob.,  toI.  «li,  1909.  pp.  143-177. 
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to  the  utter  part  of  the  CincinnatiaD  epoch,  about  the  age  of  the  Bich- 
moud  or  Maquoketa  of  the  upper  Miesisaippt  Valley. 

The  Ordoviciau  rocks  in  this  region  tliat  belong  to  the  Mohawkiac 
series  are  here  designated  the  Nelson  Rixer  limestone,  from  Nelson  River, 
in  the  banks  of  which  they  are  well  exposed.  The  strata  considered  , 
equivalent  to  some  part  of  the  Richmond  of  the  United  States  will  be 
referred  to  as  the  Shammattawa  limestone,  from  the  river  of  that  name 
along  the  banks  of  which  the  best  exposures  were  found. 

As  elsewhere  in  this  region,  the  strata  exposed  along  Nelson  River  have 
a  general  dip  toward  the  east,  or  downstream,  a  little  steeper  than  the 
gradient  of  the  stream.  Qentte  undulations  in  the  strata  are  also  (^mmon 
and  low  arches  10  or  50  or  more  feet  high  are  not  rare. 

ORDOVIOIAJI  DEPOSITS  BXP08BD  OK  HBLBOS  KIVBR 

Nelson  Biver  limestone. — The  lowest  layers  of  Nelson  River  limeetone 
consist  of  sandy,  bluish  gray  dolomite,  and  contain  Receptaculites  oweni 
and  other  fossils  similar  to  those  occarring  at  a  somewhat  higher  level  in 
the  limestones  exposed  at  the  Upper  limestone  Rapids,  about  10  mile» 
farther  down  tHe  river. 

At  the  Upper  Limestone  Rapids,  which  are  about  one  mile  long,  there 
is  exposed  a  thickness  of  nearly  25  feet  of  gray  limestone  mottled  witli 
brownish  dolomite,  in  layers  6  to  30  inches  thick.  These  contain  such 
characteristic  fossils  as  Receptacuities  oweni,  Hormotoma  winnipegensif, 
Maclurina  manitobensis,  associated  in  the  same  layers  with  numerous 
corals  belonging  to  the  genera  Halysites,  Favosites,  and  Columnaria,  and 
cephalopods  belonging  to  the  genera  Orthoceras,  Cyrtoceras,  and  Poterio- 
ceras. 

For  a  distance  of  4  or  5  miles  above  these  rapids  a  low  ledge  of  gray 
limestone,  mottled  with  patches  of  yellowish  brown  dolomite  3  to  16  feet 
high,  outcrops  in  the  north  bank  of  the  river  at  frequent  intervals.  The 
layers,  which  lie  nearly  horizontal,  are  3  or  4  to  18  inches  thick  and  fur- 
nished fossils  similar  to  those  above  mentioned. 

Between  one  and  two  miles  below  the  Upper  Limestone  Rapids  a  ledge 
of  gray,  non-dolomitized  limestone  outcrops  in  the  south  bank  to  a  heielil 
of  6  to  10  feet.  These  strata  dip  gently  toward  the  east,  so  that  suc- 
cessively higher  layers  appear  at  the  top  in  an  eastward  direction.  Tiii' 
limestone,  which  aggregates  15  or  more  feet  in  thickness,  weathers  into 
thin,  irregular  layers  which  in  appearance  very  closely  resemble  weatheni! 
faces  of  exposures  of  undolomitized  Galena  limestone  in  Fayette  Countr 
and  at  a  few  other  places  in  northeastern  Iowa. 

The  fossils  from  this  ledge  include  Rea-pfaculites  oweni  and  the  greater 
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number  of  the  epecies  of  gastropodB  and  coralB  that  were  fooad  in  the 
exposures  of  dolomite  farther  np  the  river.  These  outcrops  were  within 
such  short  distances  of  one  another  and  the  eastward  dip  of  the  rocks  is 
so  gentle  that  it  is  believed  they  afford  a  practically  complete  section  of 
the  Nelson  Hiver  limestone  in  this  region. 

Shammattawa  limestone  along  Nelson  River. — The  Shommattawa 
limestone  ia  thought  to  represeut  Maquoketa  or  Bichmond  time.  Bocks 
of  this  age  have  not  been  definitely  recognized  by  previous  workers  in  the 
region.  The  lowest  beds  of  the  Shammattawa  limestone  are  exposed  about 
2^  miles  above  the  Lower  Limestone  Bapids  on  NeUon  Biver,  about  3 
miles  below  the  last  appearance  of  the  Nelson  Biver  limestone,  hut  the 
contact  of  the  Kelson  Biver  and  Shammattawa  limestones  was  not  found. 
At  the  head  of  the  Lower  Limestone  Bapids  a  corresponding  level  of  the 
Shammattawa  limestone  is  exposed,  showing  a  thickness  of  7  to  9  feet  of 
gray,  thin-bedded  limestone  overlain  by  3  to  fi  feet  of  brown,  fine-grained, 
thin-bedded  dolomite.  The  surfaces  of  the  layers  of  the  dolomite  were 
covered  with  brachiopod  shells  and  impressions,  the  more  common  being 
Strophomena  cf.  fluctuosa,  Strophomena  sp.  Rafinesquina  cf.  altemata, 
and  Rhynchotrema  aff.  capax.  Jn  the  south  bluff  of  the  river  bordering 
the  Lower  Limestone  Bapids  a  ledge  of  gray,  fine-grained  limestone,  in 
thick  and  thin  layers,  ie  exposed  to  a  height  of  about  S8  feet.  This  lime- 
stone overlies  the  dolomite  horizon  last  mentioned  and  contains  Rhyncho- 
Irema  near  capax,  Dinorthis  aff.  subqnadrata,  and  other  fossils  character- 
istic of  the  Bichmond  strata  in  the  United  States. 

About  8  miles  below  the  Ix>wer  Limestone  Rapids  a  still  higher  level 
of  the  Shammattawa  limestone  is  exposed  in  a  low  arch  in  the  south  bank 
of  Nelson  Biver  to  a  maximum  height  of  6  or  7  feet.  These  strata  consist 
of  yellowish  gray,  rather  thin-bedded  limestone  which  contains  fragmentf 
of  Isotelm  and  other  species  of  fossils  characteristic  of  the  deposits 
Rit^mond  time- 
Port  Nelson  limestone  along  Nelson  River. — The  Port  Nelson -lime- 
stone is  the  oldest  Silurian  formation  known  in  the  Hudson  Bay  region. 
It  consists  of  yellowish  brown,  rather  fine-grained  dolomite,  certain  layers 
of  which  contain  casts  and  molds  of  shells  of  Virgiana  decussata  in  gren 
numbers.  The  thickness  is  probably  somewhat  more  than  30  feet.  As 
far  as  known,  this  limestone  outcrops  nearer  to  Port  Nelson,  at  the  month 
of  Nelson  Biver,  than  any  other  formation  of  Paleozoic  age ;  hence  it  is 
designated  the  Port  Nelson  limestone- 

The  succession  and  the  stratigraphic  and  faunal  relations  of  the  Paleo- 
zoic rocks  exposed  along  Nelson  River  are  shown  in  the  detailed  section 
and  fossil  lists  given  below.    The  species  marked  sp.  in  the  fossil  lists  on 
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the  following  pages  are  mostly  new.    They  will  be  figured  and  described 
in  a  paper  now  in  preparation. 

Detailed  Section  of  Paleozoic  Strata  exposed  alono  Selson 

RlVEB 

Silurian  Bxetem 

Alexandrian  serlea— about  28  feet 

Port  Nelson  Ume8t<«te  ""^i*^™ 

8.  Dolomite,  brown,  in  regular  layers  4  to  10  incbes  tblclc 

with  few  fosMls;  exposed  about  4  miles  below  the 

Lower  Limestone  Rapids.     Tbe  fossils  listed  below 

are  from  masses  of  this  dolomite  along  tbe  bank  of 

tbe  river  some  distance  below  the  ontcrop : 2S 

Zaphrentit  ep. 
FavoHtei  sp. 
Dinobolut  sp. 
Stropkeodotita  sp. 
Virffiana  decuttata. 
Pterinea  octHdentalU. 
BormototiM  sp. 
Primilia  munditla  var.  incita. 
X  gap  In  exposure 
Ordorician  system 

Clnclnnatlan  series 

Shammattawa  limestone — about  47  feet 

7.  Limestone,  gray  to  yellowish  brown,  exposed  in  a  low 
arch  about  S  miles  below  the  Lower  Limestone 
Rapids;    containing  fitrophomena   sp.,   laatetut  sp., 

and  a  few  other  fossils 7 

A  ftap  In  exposure 

6.  Limestone,  gray,  in  layers  4  to  14  Inches  thick,  exposed  In 
an  escarpment  at  the  Lower  IJmestone  Rapids,  and  con- 
taining the  fossils : 2S 

Streptela»ma  sp. 
FavoHlet  near  favoeut. 
SIrnphomcna  cf.  flwiiioaa. 
Btropkomena  sp. 
Rhynchotrema  near  capax. 

Tetranota  Ef.  I 

R.  Limestone,  gray,  passing  above  Into  one  or  more  layers  of 
yellowish  brown  dolomite;  exposed  one-half  mile  to  one 
mile  aboTe  tbe  Lower  Limestone  Rapids,  and  containing 

tbe  fossils : 12tol5 

Streptelatma  sp. 
CoUtmtiaria  Sfi. 
Favi>»ite»  near  favotvt. 
Plectatnbonileg  gfriceut. 
Rafinfiquina  atT.  altemata. 
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atrophomena  d.  flucluota. 

Strophomena  sp. 

Rhvnchotrema  near  capax. 

ByttnnycKia  cf.  tenuisMata. 

Tetranota  sp. 

Hormotoma  cf.  ffraciUt. 

Maclvrea  alt.  cvneata. 

Trochonema  sp. 

Conularia  sp. 

Bumatliig  sp. 
A  gap  lu  exposure 
Mohawklan  aeries 

Nelson  River  limestone — about  68  feet 

4.  Limestone,  gray,  Weatberlng  Into  Irregular  layers  1  to  2 
Inches  thick ;  exposed  1  to  2  miles  below  the  Upper  Lime- 
stone Rapids;  containing  the  fossils  listed  4>e1ow : 

Receplaculiteg  oweni. 

Calapcecia  att.  canaden#ia. 

Halyaltet  ffracUU. 

BalytUet  sp. 

Hnrmotoma  teinniprgentU. 

iSttClurina  sp. 

Trochonema  sp. 

Cyrtocerat  cT.  manitobenM. 

Oncocerat  ( ?)  sp. 
3.  Dolomite  and  limestone,  gray,  mottled  with  brown  fncoidal 
areas,  in  lajers  12  to  30  Inches  thick;  exposed  at  tbe 
Upper  Limestone  Rapids;  containing  the  fossils: 

Receptaculitei  oweni. 

Slreptcla»mtt  sp. 

Calaptxcia  cf.  canadensis. 

CotHmnaria  calacina. 

Colunmaria  {Pateophjillum)  ttokeai. 

BalyMe*  f/racilit. 

fitrophomena  sp. 

Dalmanella  (eatiiditMiHa  var. 

Hebertella  aff.  bellaruffoia. 

Hormotoma  tcitinipegetuig. 

Maclurina  cf .  manitobente. 

Maolitrina  sp. 

Trochonema  sp. 

Endocera*  cf.  protfiforme. 

Ciirtocerot  cf.  manilohentf. 

Poterioceroa  sp. 

Bumaitve  sp. 
2.  Limestone   and  dolomite,   gray,   mottled.   In    rather  thin 
layers ;  exposed  aboDt  2  miles  above  the  Upper  Lime- 
stone Baplda;  containing  the  following  fossils: 

Receptaculitei  oiceni. 
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Btrepteltuma  sp. 

HatyMei  ffnuHIU. 

Balvtitea  sp. 

jStrophotneiH)  eip. 

Bormotoma  winnipegentit. 

Maclurina  cf.  manUobctuc. 

Machuina  ap. 

EnAooertu  cf.  onnwlaluffl. 

Bniocenu  ct.  proMforme. 

Gf.  BumatUu  ap. 
A  gsp  Id  exposore 

1.  Dolomite.  Kraj  to  brown,  sandf,  grading  below  Into  a  cal- 
careous Bondstone,  In  rather  even  layers;  exposed  about 
10  miles  above  tbe  Dpper  Lln>estone  Raplda;  containing 
the  foaalls: 14  to  IB  " 

ReceptacttUtei  oweni. 

Bormotoma  wimt^ef/enti*. 

Maolurina  sp. 

CORRSLATiOS  OF  yBLBOH  RIVER  LIUESTOSE 

The  fauna  and  Hthology  of  the  Nelson  River  limestone  exposed  along 
Nelson  River  are  remarkably  similar  to  those  of  the  rocks  of  late  Trenton 
age  in  the  Lake  Winnipeg  region.  Tbe  more  conunon  species  of  fossils 
occurring  in  this  limestone  in  the  Nelson  River  region  are  list«d  below. 
The  species  in  this  list  which  have  a  cross  in  front  of  ttte  name  also  occnr 
in  the  Trenton  limestone  in  the  Lake  Winnipeg  region. 

IMt  of  the  itwre  common  Foatii*  from  the  Nelson  River  Limeatone 

-i-  ReceptacuUte*  oteeni. 

■j-  Calapaxia  cf.  canadentis. 

+  Colvmnarla  colocina. 

+  Cohunnaria  {Paleophytlum)  slokeH. 

+  Balv»iteii  ffracilia. 

+  Dalmanella  featudlnoria  var. 

+  Bormotoma  toiniUpegenHt. 

+  Maelurina  manito1>en»e. 

+  Trochanema  cf.  wmMHcatum. 

+  Cyrtocfras  manilobente. 

+  Pntericccraa  cf.  nohile. 

The  species  listed  above  are  thought  to  indicate  tbe  Trenton  (Galena 
of  upper  Mississippi  Valley)  age  of  the  strata  from  which  they  came. 
Williams^  has  described  limestones  of  Middle  Ordovician  age  in  the 
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Lake  Timiskaming  region  that  bo  closely  correspood  in  their  litliologj 
and  fatma  to  those  of  the  late  Middle  Ordovician  in  the  localities  above 
mentioned  as  to  indicate  that  the;  also  vere  laid  down  in  the  same  pror- 
ince  of  deposition.  Schachert*  has  also  reported  a  similar  fauna  from 
the  Frobiaher  Bay  region  in  BafBn  Land. 

It  is  thought  that  the  late  Middle  Ordovician  rocks  in  all  of  the  above- 
mentioned  localities  were  laid  down  in  the  same  great  epi-continental  sea 
that  advanced  southward  from  the  Arctic  Ocean. 

The  Galena  limestone  of  the  upper  Missisaippi  Valley  ia  thought  to  be 
a  nearly  contemporaneona  depoait  with  that  of  the  Middle  Ordovieian 
iimeatonea  in  the  localitiea  above  mentioned  and  probably  was  deposited 
in  an  embayment  of  the  same  province.  The  Galena  limestone  lacks  sev- 
eral of  the  coral  species  that  are  common  in  the  deposits  of  Middle  Ordo- 
vician age  at  the  Hudson  Bay  and  Lake  Winnipeg  localities.  However, 
among  the  more  common  foBsils  of  the  Galena  are  Receptaculiies  oweni 
and  apedea  representing  the  genera  Hormotoma,  Maclurina,  and  Trocho- 
nema  that  are  closely  allied  to  species  of  these  genera  in  the  above  list. 

ORDOVJOIAfI  BOOKB  EXFOBSD   OS  BHAMMATTAWA  R17BR 

No  Paleozoic  rocks  are  exposed  in  the  banks  of  Hayea  River  below  the 
mouth  of  the  Shammattawa,  but  along  the  latter  river  outcrops  of  lime- 
stone are  encountered  about  38  miles  above  its  mouth,  above  which  they 
occur  at  intervals  for  a  distance  of  about  15  miles.  The  rocka  ezpoaed 
along  this  river  are  all  included  in  the  Shammattawa  limeatone,  and  are 
considered  to  be  about  the  age  of  the  Maquoketa  or  Richmond  strata  of 
the  Miaaiaaippi  Yalley. 

About  60  miles  farther  southeast,  on  a  branch  of  Echoing  River,  a 
tributary  of  the  Shammattawa,  limestone  corresponding  in  age  to  the 
Nelson  Biver  limestone  above  described,  and  containing  similar  fossils, 
are  exposed  in  low  ledges  at  intervals  for  a  distance  of  5  to  8  miles. 

A  detailed  section  of  the  limestone  outcropping  in  the  banks  of  Sham- 
mattawa River  and  lists  of  fossils  collected  from  the  several  members  are 
given  below: 

eSCTlOIf  OF  ROOKB  BXP08BD  ALOlfO  SBAUMATTAWA   RIVBR 

Ordovician  srstem 

Clndnnatlan  series 

Shammattawa  limestone    , 

2.  Limestone,  rellowtsli  brown,   porous;   dolomittc  above, 
mottled  gray  and  brown  below,  forming  tbe  escarpment 

■Charles  Scbnebert:  Proc.  U.  B.  Nat  Uus.,  tOI.  nil,  1»00,  p.  149. 
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TlLlckD«sa 
Infect 

OD  the  east  aide  of  the  river  at  the  rapids,  and  exposed 
In  the  upper  part  of  the  bluff  1  to  2  miles  farther  down 
the  rtver;  the  fossils  listed  below  occur  In  the  lower 
part :   23 

ZaphrcntU  sp. 

SIrcptelasma  laluscula  var.  trilobata. 

Paleofavoaitet  cf.  atpera. 

PalcafavoMet  sp. 

Baty»ite»  sp. 

Calapmcia  cf.  eanadenai*. 

Btrophomena  cf.  laid. 

BIropKomena  tetnutriala. 

Raflneagvina  altenutta. 

PlectambotUte*  aericcut. 

Dinorthit  cf.  subquadrala. 

Rhj/nchotrcma  near  capax. 

Trwhonema  cf.  ttmbiUcatum. 

Trochonema  sp. 

Bolopea  media. 

Hormotoma  acuminata. 

Bormot<tma  sp. 

Actinocerat  sp. 

Cyrtarerat  sp. 

Cuclocerai  olorut  var.  bafftncnte. 

Itotelu*  Hp. 

Buamantiit  sp. 

Leperditia  up. 
1.  Limestone,  gray,  in  rather  thin  layers,  somewhat  mottled 
with  brown  dolomlUzed  areas ;  a  zone  of  nnmetous  gas- 
tropods {Trochonema,  etcetera)  present  In  the  tower 
part;  exposed  In  both  banks  of  the  river  2  or  3  mllex 
below  the  rapids  and  also  4  miles  above  the  rapids, 
where  an  arch  of  the  strata  brings  this  horizon  above 
the  level  of  the  water;  containing  the  fossils  listed 
below : 15 

CerUmltet  sp. 

Zaphrcnli*  sp. 

Btreptelaama  lalugCMlo  var.  IrUobafa. 

Btreptelatma  sp. 

Colwmnaria  near  alveolata. 

Golumnaria  caliciwi. 

Paleofavositen  ef.  atpera. 

Paleofavotitct  sp. 

Calap(rcia  canadetuit., 

HalyHtea  calenulatvg. 

Halygitet  sp. 

Dinobolui  sp. 

Schieocranin  sp. 
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Raftnesguitia  cf.  alternata. 
Leptatta  rhomboidaliM. 
Plectambonites  gericetu. 
Stroptu>metia  cf .  fluctuoaa. 
Stropttomena  Uevia. 
Strophomena  lata. 
Strophomcna  nutans. 
SIrophomena  tctraitriata. 
Stropliomena  sp. 
Dalmaitetla  tettudinaria  vsr. 
Dalmanetia  sp. 

DinorthU  meedai  var,  arctica. 
Dinorthii  cf.  luliguadrata. 
Hel^ertella  sp. 
Bkynchotrema  cf.  capax. 
Cf.  Qtaaaia  ep. 
Ctenodonta  aff.  balPnaiHt. 
VanuxemUi  cf.  &a;Pti«n«l«. 
Tanuxemia  ep. 
Cf.  Wkiictto  stprlinffenta. 
CUonychia  cf.  ezenvotB. 
fformofoma  ocumtnofa. 
Hormotoma  cf.  procile. 
Hormotoma  sp. 
2.opAo«ptra  cf,  obfuaa. 
i!ji>pAo«pira  sp. 
Bellerophon  sp. 
StraparoIIina  sp. 
Jfoplurea  acuta 
Maclurea  sp. 
SrciltompAoIua  sip. 
,        Trochonema  near  tint Mlica turn. 
TriwAonemo  sip. 
Holopea  media 
OrydUcue  sp. 
Agcocerat  cf.  ftoreale. 
OrfAocenw  sp. 

Ciiclocera$  cf.  oloru*  var.  baffnenHt. 
Ciictacerai  ep. 

D{acoc(^'ii«  ahnmmaftaHieTue. 
Cyrtocerat  cf.  coraulum. 
Cjirtoceras  ap. 

Poleriocerag  tyrretU. 
Aiapkut  sp. 
BaCitfurus  sp. 
lUtEnai  sp. 
B»crini*ru*  sp. 
Cerourwn  f  sp. 


)vGoo<^lc 


352  PALEOZOIC  SOCKS  07  THE  HUDSON  BA.Y  SEOIOK 

Pterygometopiu  sp. 
LeperdtUa  sp. 

aORRBLATION  OF  TBM  BBAMUATTAWA  LIMaSTOSB 

The  fossils  as  well  as  the  lithology  of  the  Shanunattawa  limestone  are 
remarkably  similar  to  those  of  the  Stony  Mountain  (Upper  Ordovician) 
limestone  in  the  Lake  Winnipeg  region  and  correspond  alao  with  those 
of  the  Bighorn  dolomite  in  Wyoming  and  those  of  the  llontoya  limestone 
of  New  Mexico.  The  rocks  at  all  of  these  localities  consist  of  gray  to 
yellowish,  subacryatalline  limestone,  with  layers  and  mottled  areas  of 
yellowish  hrown  dolomite.  The  more  conmion  species  of  fossils  occmring 
in  the  Shammattawa  limestone  are  shown  in  the  following  list  of  spedes. 
In  this  list  the  apecies  having  a  cross  after  the  name  are  reported  from 
the  Stony  Mountain  limestone  of  the  Lake  Winnipeg  region,  and  those 
having  a  cross  in  front  of  the  name  occnr  also  in  the  Bighorn  dolomite 
of  Wyoming. 

tAat  of  the  nutre  oommon  FoiHli  from  the  Bhammattawa  lAmettone 

Streptelatma  lattucula.+ 
+  BtrepteUuma  latugcula  var.  triU3bata.+ 
+  Btreptelnuuma  ^. 
+  Coltimiiarla  aIveoIata.+ 
+  Columnaria  {Paleophyllnm)  »toJeeii.+ 
+  Calapmoia  canaAenai».+ 
+  Paleofavotites  asper.+ 
+  HalyHtei  eraciUi.+ 

SaUopora  sp. 

PtUodictt/a  sp.-f- 

Dtnobolut  Bp.+ 

RaflnetguUta  cf.  altemttla.+ 
+  Btrophomena  fltictao»a.+ 

Btrophomena  sp. 
4-  Dinorthia  aff.  g«t)guadrata  +  (wltb  cosrse  strte). 

Platystrophia  near  cratga. 
+  Rhj/nchotrema  aff.  capaa.-i- 
+  Bolopea  ct.  excelsa. 

MacluHna  sp. 
-|-  Trochonama  cf.  umbiHeat»m.+ 

Bormotoma  sp. 

RaphMoina  sp. ' 

Atcocerat  ap. 

Cyrtocerat  sp. 

Bttmattut  sp. 

The  fossils  m  the  foregoing  list  indicate  the  Richmond  age  of  the  strata 
from  which  they  came.    The  close  similarity  of  this  fauna  in  such  widely 
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separated  localities  as  the  Wyoming,  Lake  Winnipeg,  and  Hudson  Bay 
regions  may  be  seen  from  the  foregoing  table.  This  resemblance  extends 
not  only  to  the  specific  identic  of  the  more  common  foBsils,  but  also  to 
the  nnnsnal  coral  associates  in  this  fanns  and  the  peculiar  coral  elements, 
aa  Stnptetaama  latuscula  var.  triiobata  and  an  nndescribed  species  of 
Streptelaama  having  the  convex  side  flattened.  It  also  includes  similar 
variations  in  each  characteristic  brachiopod  species  as  Dinorthia  near 
miqtiadrata  having  nnnsually  coarse  radiating  strise,  and  a  large,  coarse 
form  of  Rhynckotretna  cf.  capax.  A  similar  fanna  was  also  found  by 
Walcott  in  the  upper  part  of  the  Fremont  limestone  of  Colorado.  The 
similarity  in  the  faunas  of  this  age  in  the  different  localities  is  such  as  to 
indicate  that  the  Richmond  strata  in  the  Colorado,  Wyoming,  Lake  Win- 
nipeg, and  Hudson  Bay  regions  vrere  deposited  in  the  same  marine  prov- 
ince or  basin  of  deposition,  which  was  doubtless  connected  at  the  north 
with  the  Arctic  Ocean.  This  fanna  is  quite  different  from  the  more  or 
less  contemporaneous  fauna  of  the  Maquoketa  in  the  upper  Mississippi 
Valley,  or  from  that  of  the  Richmond  farther  east,  in  Indiana  and  Ohio. 
When  the  meager  bryozoa  fauna  associated  with  Dinorthia  afF.  aub- 
quadraia  and  Rhynchotrema  near  capax  and  other  late  Cincinnatian  fos- 
sils in  the  Hudson  Bay  and  Lake  Winnipeg  regions  is  compared  with  the 
great  number  and  variety  of  species  belonging  to  this  class  of  fossils  in 
the  Maquoketa  and  Richmond  strata  of  the  Mississippi  and  Ohio  valleys, 
many  of  the  bryozoa  in  the  latter  region  belonging  to  families  not  repre- 
sented in  the  late  Cincinnatian  fanna  of  the  Hudson  Bay  region,  it  seems 
impossible  that  the  source  of  the  Maquoketa  and  Richmond  faunas  of  the 
eastern  and  central  United  States  conld  have  been  in  the  north,  as  has 
generally  been  assumed.  It  is  mnch  more  probable  that  the  fanna  of  the 
Maquoketa  and  Richmond  of  the  Mississippi  and  Ohio  valleys  were  of 
southern  or  eastern  origin,  and  that  they  invaded  the  interior  of  North 
America  from  the  south,  as  shown  on  the  paleogeographic  map,  figure  1 . 
On  this  map,  as  on  those  that  follow,  the  lined  areas  represent  the  exten- 
fiion  of  the  seas  on  the  continent. 

SiLDRiAN  Rocks  in  the  Hudson  Bat  Region 

BASLIBK  BTVDIBB 

Exposures  of  Silurian  rocks  along  Attawapiskat  River  were  mentioned 
by  Bell'  in  1886,  who  described  the  Silurian  coral  reefs  outcropping  for 
33  miles  above  the  head  of  Lowasky  Island. 
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Kichmond  llmi'.     LInPd  ama  reprpiwnt  sf*!. 
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In  a  report  on  hie  exploration  of  the  countr;  from  Lake  Winnipeg  to 
Hudson  Bey,  Low^"  described  limestoaeB  or  dolomites  having  a  total 
thicknesB  of  not  more  than  100  feet,  the  fossils  of  which  he  regarded  as 
not  older  than  the  Galena  and  poaaibl;  as  yotmg  as  the  N'iagara.  Dow- 
liug'*  noted  horizontal  limestones  along  Skwan  River,  between  33  and 
100  miles  above  its  mouth.  He  recognized  the  coral  reef  mentioned  by 
Bell  along  Attawapiacat  Biver.  He  collected  a  few  fossils  which  were 
identified  by  Whiteaves,  who  thought  the  horizon  they  represented  was 
rather  high  in  the  Silurian. 

In  the  report  on  the  Algoma  and  Thunder  Bay  districts,  Ontario,  there 
j$  given  a  list  of  fossils  collected  by  W.  J.  Wilson*^  from  the  Kagagami 
aod  other  branches  of  the  Kenogami  River,  and  identified  by  Whiteaves, 
vho  thought  they  indicated  the  Silurian  age  of  the  rocks  from  which  they 
eame. 

In  1910  Mclnnes**  described  the  structure  and  character  of  the  rocks 
eiposed  on  Winisk  River.  The  Silurian  age  of  these  strata  was  deter- 
mined by  Whiteaves  on  the  basis  of  seven  species  of  fossils  that  he  was 
able  to  identify  of  those  collected  by  Mclnnes  from  that  region. 

Tyrrell'*  described  limestones  exposed  along  the  Severn  and  Fawn 
rivfre  and  gave  a  list  of  fossils  from  them,  which  were  identified  by 
Parks,  on  the  basis  of  which  their  age  was  considered  approximately  that 
of  the  Qnelph  of  eastern  Canada. 

PRBaanT  btvdibb 
The  oldest  Silurian  rocks  in  the  region  outcrop  about  4  miles  below 
Ihe  Lower  Limestone  Rapids  on  Kelson  River,  described  in  the  section  of 
rocks  exposed  along  that  river  under  the  name  of  Port  Kelson  limestone. 
At  this  place  a  thickness  of  38  feet  of  rather  even-bedded,  yellowish  dolo- 
mite is  present  above  the  level  of  the  water.  Only  a  few  fossils  were 
found  in  the  exposed  part  of  this  ledge,  but  farther  down  the  river  numer- 
ous fresh  fragments  of  fine-grained,  yellow  dolomite  crowded  with  shells 
of  Virgiana  deatssaia  and  other  fossils  indicate  that  this  zone  of  the 
-Silurian  is  present  along  the  river,  probably  at  a  little  lower  horizon  than 

"A.  p.  Low:  Prellmlnarr  report  od  kd  ^iploratloD  of  the  coantry  between  I^ke 
mntilptK  and  Hudson  Bar,    Oeol.  Surve;  ot  Canada,  Bummary  Rept.,  1SS6.  p.  187. 

"D.  B.  Dowltng:  Report  on  an  exploration  of  Bkwan  Rlrer,  Sutton  Hill  Ukea,  and 
ptrt  of  the  wcat  coast  of  James  Bay.  Geol.  Barrej  of  Canada,  Bomroary  Kept,  1901, 
pp.  1-60P. 

"W.  J.  WllHMi  ^  Report  on  a  portion  of  Algoma  and  Thunder  Bay  dtstricts.  Oeol. 
Sarrey  of  Canada.  1909.  pp.  34-41. 

"W.  UclDues:  Report  on  a  part  of  the  Northwest  Terrttorlca  dtalned  by  the  Wlntsk 
and  Attawapiacat  rlrers.    Oeol.  Surrey  of  Canada.  1010,  pp.  1-04. 

"J.  B,  Tytren  ;  Report  on  the  Hudson  Bay  exploring  expedition.     SZd  Ann.   Kept. 
Ontario  BnivaD  of  Mines.  1912.  pt.  1,  pp.  161-209. 
XXV— BCLL.  Geol.  8oc.  Am.,  Toi,.  30.  IBIB 
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that  in  the  expostire  above  described.  Virgiana  decuasata  marks  a  defi- 
nite zone  near  the  base  of  the  SiluriaQ  section  (Stonewall  limestone)  in 
the  vicinity  of  Qrand  Bapida,  on  the  lower  Saskatchewan  Hiver,  and  it 
doubtlesB  marks  a  corresponding  horizon  of  Silurian  on  N^elson  River. 

Farther  south,  along  the  west  Bide  of  Hudson  and  James  bays,  Silurian 
limestones  are  well  exposed  in  the  banks  of  the  Severn,  Winisk,  Ekwan, 
and  Attawapiskat  rivers.  One  of  the  most  complete  sections  of  the  Silu- 
rian in  the  entire  region  outcrops  along  Severn  River  between  40  and  25 
miles  above  ita  mouth.  The  Buccesaion  of  strata  exposed  along  this  stream 
and  their  faunas  are  shown  in  the  following  detailed  section : 

DBTAILBD  BECTIOS  OF  STRATA  BXP08ED  AI^OHQ  BSrSRll   RITBR 

Sllnrtan  s;steni 
Niagaran  aertes 

Attawaplakat  coral  reel  ^""toiS^ 

10.  Limestone  conslatlng  of  separste  ridges  or  domeB  of 
BtmctnreleBB  limestone  eompoaea  of  stromatoporotd 
masses,  corals,  ajid  other  foBSils,  ranging  from  a  few 
to  100  or  more  feet  In  diameter  and  up  to  30  or  more 
feet  blgh,  wltb  tbliily  and  evenly  bedded,  flne-gralned 
limestone  layers  lapping  up  on  the  fl&nks  of  the 
domes  and  ridges,  from  wblcb  they  dip  away  at 
angles  of  20  to  30  degree,  but  become  nearly  hori- 
zontal at  a  distance  from  them;  exposed  at  Lime- 
stone Island  and  at  Long  Portage,  about  10  miles 
fiirther  down  the  river ;  containing  the  fossils  listed 
Ijeiow:  7Sto85 

Zaphrentts  patent. 

Zaphrentis  stokeH. 

BtrombodcM  sp. 

Pt/cnoitvltu  elegant. 

Faleofttvotitet  atpera. 

Favottteg  favotut. 

Famotitet  cf.  forberi. 

Pavotilet  hitingeri. 

Favotites  sp. 

i^elUa  afflnit. 

BelioUtet  sp. 

Fenettella  tuharcHca. 

Stropheodonta  ep. 

Stropheoionta  philomela. 

Orthit  alt.  flabelHtet. 

Pentatnerut  sp. 

GvpidvUt  Bp. 

CaiiKirotaxhia  sp. 

Atrppa  cf.  reliciUarit. 

OUtttia  variabilU. 
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SpWifer  alt.  critput.  ' 

Bpirifer  sp, 

Reticularia  teptentHonalU. 

ConacarMum  ap. 

Uosptra  tteventotU. 

Ovrotiema  tpecioaa. 

Diaphoroitoma  perforata. 

Ocelidium  sp. 

Orthocerat  sp. 

Hwonia  sp. 

Actinoceras  cf.  clowei. 

Ovciocerat  ep. 

Phrairtnocerat  sp. 

Bronteits  e^c^eanen»i«. 

Bncrinurvt  sp. 

Leperditia  hiainfferi  var. 
A  short  gap  Id  exposure 
EkwBD  River  limestone 

S.  LlmestoDe,  yellowish  gray.  non-dolomlUc,  In  thin,  regu- 
lar layers,  containing  Trimerella  sp.  and  other  fos- 
Blis  listed  below;  exposed  In  an  arch  in  tlie  north 
banlc  of  the  river  1  to  2  miles  above  Limestone 
Island ;    Aboat 

Streptelatma  sp. 

FavoHtes  favonu. 

FavoMet  sp. 

Bttlyiites  catentilatua. 

Trimerella  ektoanenHt. 

Pentamertu  sp. 

Ojlpidvla  sp. 

Atrypa  cf.  reHcitlori*. 

Sptrifer  sp. 

Hormotoma  wMteaveH. 

Sormotoma  sp. 

Oyronema  cf.  dnwiUnffi. 
A  short  gap  in  exposure 

S.  Limestone,  gray,  fine  grained,  thin  bedded,  with  nod- 
ules and  bands  of  chert  in  some  places ;  containtog 
stromatoporolda  and  other  fossils  listed  below;  ex- 
posed at  the  first  rapids  below  the  mouth  of  Fawn 
Elver : 

Actinottroma  sp. 

Paleofavoaites  aspera. 

FavoMeg  favosug. 

AtveoWei  sp. 

Ealvtitet  catenulatut. 

Trimerelia  ek\canen»i». 

Btropheodonta  cf.  phtlomela. 
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•  Orikit  cf.  flabemtet. 

Dalmanella  cf.  eleffantula. 

Pentamenug  sp. 

Camarotackia  ep. 

aiaaiia  variabiUt. 

Atrypa  ct.  rettculoHi. 

Bpirifer  aff.  crisput. 

Rh]/ncho»pira  lovA. 

Liotpira  sp. 

Hormotoma  whiteaveH. 

Eiiompkalopterus  IvrrellL 

Btrophottt/lut  fllicinctua 

Eionooerag  cancellatum 

Encrinurvs  sp. 

Cali/mene  sp. 
7.  Limestone,  gray,  dense,  fine  grained,  thin  bedded,  wltb 
concretions  and  bands  of  chert  In  some  places,  and 
an  8-foot  ledge  of  dolomite  In  the  lower  part;  ex- 
posed a  short  distance  above  tbe  Orst  raplda  belov 
the  mouth  of  Pawn  River;  contaiDing  tbe  fosdU 
listed  Itelow : 

Stromatopoivldt.' 

Streptelatma  ppgfrutum  rar.  occMentale. 

Streptelatma  sp. 

Amplexut  tovemenHt. 

Aphylloatj/lui  ffracilit. 

Paleofavoaitet  atpera. 

FavoHtet  Javomt. 

Favotitet  kitingeri. 

FavoHtei  sp. 

AtveoUte»  niagarentia. 

Caloptecia  ct.  canadenaU. 

Aulopnra  ap, 

Syringnpora  Hfurcata. 

Balyaitea  catenulattu. 

LyelUa  sp. 

Pachvdictva  sp. 

TrimereUa  ekwanentit. 

LepUena  parvula. 

Leptana  sp. 

BtropKeoAonta  cf.  leda. 

Btropheodrmta  pMIomela 

Btropkeodonta  sp. 

Ortkis  fiabelHlea. 

Dalmanella  sp. 

Olaaaia  tmriabilia. 

Eotomaria  sp. 

Hormotoma  wkiteaveit. 
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Lophotpira  sp. 
Bellerophon  sp. 
Euomphalug  minor. 
Euomphalus  rotundiu. 
Euomphalopterui  d.  tittTelli 
Euotnphaloptemg  sp. 
Trochonema  8p. 
Phanerotrema  Bp. 
Pyonomphalua  sp. 
Orthocertu  sp. 
Actinocera*  hearatt. 
Actinoceraa  sp. 
Trochocera*  8p, 


Phragmocerat  tohtlneyi. 
llUrmta  sp. 
Brontcvt  sp. 
Encrinurua  sp. 
LeperdJtia  kiHnffen  var. 
6.  Limestone,  mostly  non-dolomltlzed.  In  rather  regular 
larers,  brachlopoda  common  Id  the  lower  part  and 
corals  and  stromatoporolds  more  abimdant  In  the 
upper;  exposed  In  an  arch  near  the  mouth  of  Fawn 

River  

Slreplelaama  pygm<nim  var.  occidentale. 
Favotite*  hitingeri. 
Balptitcg  catcnulatua. 
Stropheodonta  sp. 
Lioapira  sp. 
BtroparoUua  sp. 
DiaplMroatoma  perforata. 
Encrinurus  cf.  Uevit. 
A  gap  In  exposure 
Alexandrian  series 

Severn  River  limestone 

5.  Umestone,  gray,  fine  grained.  In  rather  even  layers, 
with  numerous  shells  of  LcperditUi  and  other  ostra- 
cods  In  a  Eone  near  the  top;  exposed  about  one  mile 

above  the  mouth  of  E^wn  River 

ClaHirodii-Ayon  sp. 
Favotitea  favaatts. 
Favoaitca  hiaingeri. 
Btrophcodonta  arantkoptera. 
Leptwna  paniula. 
Orthit  ftabclHtea. 
Camarotavhia  T  winitkcnai*. 
Cf.  Whitfieldcna  julia. 
Clenodnnta  »«b(wafo. 
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Pterlnea  oooUlentaUi. 

Ovpricardinia  sp. 

Eormotoma  whiteaveH. 

Bormotoma  ep. 

Of.  BtroparoUtu  sp. 

Orthocerat  ep. 

Leperditia  hiainfieri  var. 

LeperdUia  hMngeri  tot.  fabuUna. 

laochUtna  grandU  var.  latitnari/inata. 
4.  lilmestone,  gray,  tbln  bedded ;  exposed  about  one  mile 
below  the  first  Ilmeatone  rapids  encountered  on  de- 
scending tbe  river 4 

3.  Dolomite,  brown,  Btructureless,  reslcnlar,  wltbont  fos- 
sils; exposed  in  the  bluS  at  tbe  foot  of  tbe  upper,  or 
first,  limestone  raplda  encountered  on  deBcending  tbe 

river  8 

2.  Ledge  of  gray,  dense,  Irregularly  bedded,  ondulating 
and  domed  limestone,  In  layers  2  to  G  feet  tblck,  com- 
posed largely  of  stromatoporold  masses  from  a  few 
inches  to  a'few  feet  In  diameter,  alternating  with 
cones  of  flne-grained,  thin-bedded  limestone  2^  to 
8^  feet  tblck;  exposed  at  tbe  upper  limestone  rapidn  20 

Streptelatma  pvffnwvm  var.  oooMnttsle. 

FavoHtet  sp. 

Stropheodonta  acanthoptera. 

Btmpheodonta  sp. 

Bclwchcrtella  sp. 

OrthU  flabemtei. 

Of.  WMtfleldelUx  fulia.  > 

Bormotoma  whiteaveH. 

BncriMunu  sp. 

LeperiiUa  MHngeri  var. 

/jocMUna  v. 
1.  Limestone  and  dolomite,  brown,  Sue  grained,  imper- 
fectly bedded,  with  few  fossils.  Showing  one  or  two 
bands  of  stromatoporold  stmctore;  exposed  on  the 
west  side  of  a  small  island  one-half  mile  above  the 
upper,  or  first,  limestone  rapids  encountered  on  de- 
scending the  river. 8 

W1SI8K  Riyait  BBOTIOS 

Limestones  of  Silurian  age  outcrop  along  the  banks  of  the  Winigk 
River  in  several  places  between  15  and  40  miles  above  its  month.  An 
important  anticlinal  fold  extending  in  a  direction  a  little  north  of  west 
crosses  the  Winisk  Eiver  valley  4  or  5  miles  above  the  month  of  its  tribn- 
tary,  the  Shammattawa.  At  this  place  the  base  of  the  Silnrian  is  seen  to- 
rest  unconformably  on  qnartzites  of  pre-Cambrian  age,  the  Ordovician 
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etnta  wliicb  probably  were  originally  present  having  been  removed  dur- 
ing the  post-Ordovician  erosion  interval  before  the  Silnhan  rocks  were 
deposited.  This  fold  resnlted  in  snch  an  elevation  of  the  rocks  of  the 
r^on  farther  west  that  the  sedimentary  rocks  have  been  eroded  from  the 
larger  part  of  the  area.  In  the  banks  of  the  Winisk  Biver  limestones  are 
exposed  at  intervals  for  a  distance  of  aboat  16  miles  above  this  fold  and 
for  6  or  8  miles  below  it.  Ledges  of  limestone  16  to  25  feet  high  in  many 
places  border  one  or  both  aides  of  the  Shammattawa  River  for  a  distance 
of  10  or  12  miles  above  its  junction  with  the  Winiak. 

All  the  limestones  exposed  in  the  Winisk  Biver  basin  are  of  Silnrian 
age,  and  the  greater  part  of  them  correspond  to  the  Severn  Biver  lime- 
stone, as  that  formation  is  developed  along  Severn  Biver.  The  Ekwan 
limestone  and  the  Attawapiskat  coral  reef,  the  yomigest  and  most  con- 
spicnooB  SOnrian  formation  present  along  the  Severn  and  Ekwan  rivers, 
are  not  exposed  in  the  banks  of  the  Winisk,  the  ontcrop  being  pushed 
eastward  and  northward  by  the  elevation  of  the  arch  above  mentioned. 
The  coral  reef  horizon  ontcrops  in  a  few  places  farther  north  along  the 
shore  of  Hndson  Bay  near  Wabnk  Point  and  in  places  for  several  miles 
farther  north. 

A  detailed  section  of  the  Silnrian  rocks  outcropping  along  Winisk 
Biver  and  its  tributary,  the  Shammattawa,  is  given  below. 

BMOTIOS  OF  ROOKB  BJPOBMD  ALONO  WINIBK  AVD   SBAMItATTAWi   RIYKRM 

Sllnrlaa  STStem 

Alexandrian  series 

Severn  River  llmeatone  '^l^Srt* 
3.  Limestone,  rather  flne  ^reined,  gray,  wltb  occaeloiuU 
layers  of  buff,  dolomltlc  limestone  containing  few 
fossils ;  exposed  In  t&e  banks  of  Wlnlak  lUver  below 
the  mouth  of  tbe  Sbanunattawa  and  In  the  nppra 
part  of  the  bluffs  bordering  the  Sbammattawa :  con- 
taining the  fosalla  named  below : 2S 

StrepteUuma  pyffmaum  var.  ocddemtaie. 

ZaphrettUt  itokeH  f 

PavoHte»  favotvt. 

Cf.  AlveoUtet  niagartntii. 

Trlmerella  ekxaatientU. 

Btropheodonta  acanthoptera. 

Btropheodonta  cf.  pMlomela. 

BclutcherteUa  sp. 

Dalma«etla  elegantula. 

CanrarotcecMa  ekuiimenHa. 

OamarotacMa  T  vAnittenMa. 

Atrypa  cf.  reticularii. 

Rhvncliogpira  lowi. 
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Uormotoma  whiteavea. 

Buomjtkaloptenu  ep. 

ActinocerM  keeKatmenHt. 

EncriTUirva  sp. 
2.  Limestone,  gray,  fine  gralDed,  with  many  rounded 
masses  showing  concentric  structure  resembliag  stro- 
matoporolds ;  exposed  In  the  lower  part  of  the  bluff 
near  tbe  mouth  of  Shammattawa  Rtrer  and  la  tbe 
lower  part  of  the  ledge  for  2  miles  along  Wlnlsk 
River  below  tbe  mouth  of  the  Shammattawa ;  con- 
taining the  following  fossils: .' 12 

Strepfefotma  pi/ffvavm  Tar.  oocUettiale. 

Zaptirettlit  gtokeii. 

FavoHteg  favonu. 

Alveolitea  f  sp. 

StropXeoAonta  acantAopfcra. 

BtropKeodonta  cf.  pfkflomela. 

Schuchertella  aXt.  cvirvittriata. 

Orthia  cf.  ftahellitet. 

Dfdmatiella  elegantula. 

Clorinda  metoplicata. 

CatitaroliEchUi  ekwanetuiia. 

Camaratcechia  sp. 

Olattia  variabilis. 

Atrypa  cf.  rettculartt. 

Rhj/itchoapira  lottii. 

Hormotoma  Khiteaveai. 

Hormotoma  sp. 

Euomphalua  rolundtw.       • 

Botomaria  ap- 

8tropho»tpUia  flitctnctum. 

Leperditia  hiaint/eri  var. 
1.  Limestone,  gray,  fine  grained,  thin  bedded,  with  tew 
fossils;  exposed  near  the  base  of  the  btuS  a  short 
distance  above  the  mouth  of  Sbammattawa  River. . .  S 

Besides  the  fossils  mentioned  above,  the  following  species  were  col- 
lected from  loose  fragments  of  Silurian  limestone  at  this  locality.  These 
indicate  the  presence  of  the  Ekwan  River  limestone  farther  up  the  river, 
but  the  strata  from  which  they  came  were  not  seen. 

Ealyaitea  calenulalut. 
Trimerella  borealit. 
Merit tina  expanaa. 
lAoapira  stevcnaoni. 
Megomphala  robtuta. 
Troclumfma  sp. 
Cf.  Plevrotomaria  hoyi. 
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Phanerotrema  occidens  f 
Tentacviitet  sp. 
Cf.  Ctenodonta  atibovata. 
FhragtnQcera*  cf.  whitneyi. 
ItQcMlina  grandi*  var.  latimarginata. 

EKWAV  RIVER  BEOTIOH 

Several  miles  south  of  the  Winiak,  aloBg  Ekwan  Hiver,  the  higher  for- 
mations of  the  Silurian  limestone  are  veil  exposed.  The  lowest  rocks 
seen  along  this  river  outcrop  about  1^  miles  above  the  mouth  of  the 
Matateto  Hiver,  about  115  miles  from  the  bay.  Below  this  locality  ocea- 
sioDal  outcrops  are  encountered  down  the  river  for  a  distance  of  about  80 
miles.  A  detailed  section  of  the  strata  exposed  in  the  banks  of  Ekwan 
River  is  given  below: 

Silurian  limestone 
Ntagaran  series 

Attawaplakat  coral  reef  '^i^^f 
7.  Limestone  coral  reef,  consisting  of  domes  and  ridges 
of  stromal  oporolds  and  coral  rock  tbe  flanks  of  which 
are  bordered  by  layers  of  One-grained  limestone  sim- 
ilar In  character  to  the  reef  rock  exposed  on  Lime- 
stone Island  and  at  the  portage  farther  down  the 
Severn  River,  with  which  horizon  It  corresponds; 
exposed  at  tbe  portage  at  Strong  Rapids  and  tor  sev- 
eral miles  below  tbts  locality ;  containing  the  follow- 
ing fossils :  30 

Strcptela»ma  sp. 

Dipln/phvllttm  mutticaulc. 

Cf.  Acervularia  auitini. 

VcMenlariix  ct.  major. 

Pvcno»tplu»  elegans. 

Cyitiphi/llum  niagarense. 

Favotitcs  favotu*. 

Favotttet  hUingrri. 

FaiioHte»  cf.  Occident. 

FavoHteg  sp. 

Syringopora  cf.  bifurcata. 

Heliolitet  cf.  inter gtinrta. 

HeliolUcs  cf.  gubtubulala. 

Aphi/llogtvlua  gracilla. 

PTuETtopora  keetoatinengig. 

Fenegtella  gubarctica. 

Stropheodonta  sp. 

Plectamboniteg  cf.  trangvergalU. 

Orthi*  cf.  flabelHteg. 

Dalamanella  fleganttila. 

OVPi^to  sp. 
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"inii 

Olorinio  meaoptieata. 

aUuiia  vorioMM*. 

OioaHa  variabiUt  var. 

Atrt/pa  cf.  reticuUtrtt. 

Spirifer  d.  criipui. 

Bpirifer  ap. 

JieHoHlaria  teptentrionaiia. 

KeritHna  ea!pan»a. 

Afnhonvchia  teptenlrionalU. 

AntlMMvchla  uttdtUata. 

lAospira  itevauoni. 

Balpingoitoma  boreote. 

MeffomplMla  rolmtta. 

Oyronema  brevtepira. 

Pkiitmomphalut  coletnani. 

Platvccrat  compactvm. 

LHaphoroatoma  perforatum. 

Slrophosti/liM  omplut. 

Strophotti/Uu  iHflatua. 

Btrophostt/lut  cf.  ftlidiKtu*. 

Orthooenu  sp. 

Phraomocerat  sp. 

lUieHUt  cf.  iocMU. 

IlUentu  sp. 

BrtMteut  aquHanarUu. 

Bnmteiu  ekwatteniit. 

Of.  AmphUichaa  sp. 

Oerauntt  sp. 
6.  IJmeetone,  composed  largely  of  coral  reef  rock  between 
ttie  domes  and  ridges  of  which  larere  of  flne-ffralned, 
thin-bedded  limestone  are  Inclined  at  varlonB  angles; 
exposed  at  the  portage  at  Strong  Rapids  and  at  the 
rapids  one  mile  above  the  portage;  containing  the 
fossils  named  below: 

ZaphrentU  patent. 

ZaphrentU  sp. 

Pj/cnottyUti  guelphenHt. 

Pavotitei  ep. 

TrimereUa  elewanentli. 

Btrop\eodonta  sp.  1 

Strop  he  odonto  sp.  2 

Plectambonitei  cf.  traniveraaUt. 

Oypidula  sp. 

Dttlmanella  eleoaiitula. 

OlaiHa  variahUU. 

Atn/po  cf.  reticularis. 

Spirifer  sp. 

Jteltcutaria  teptenttionaUt. 
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UeritUna  evpanta. 

Ainbonj/chia  »eptentri<malit. 

Amhonj/cMa  undtilata. 

A.mb<m]/chta  sp. 

Jfytitarca  permMei. 

CtmocardUim  ep. 

Soromotoma  whiteaveii. 

Strophoitj/ltu  flticinctui. 

Orthocerai  sp. 

lUantu  sp. 

Bronteut  ep. 

LeperSttia  phateolut. 
Ekwan  River  limestone. 

S.  Llmeatone,  gray,  flue  Krained,  tbtaly  and  IrreKolarlr 
stratlfled;  exposed  7  miles  below  Flint  Rapids  and 
aboat  one  mile  farther  down  the  river,  where  a  small 
anticline  appears  In  the  rlrer  bank;  containing  few 
fossils  25 

4.  Limestone,   gray,    fine   grained,   coralline,    containing 

nnmeroos  concretlona  and  Irregular  patches  of  dark 
chert  and  Etromotoporold  stroctnres  which  form 
domes  and  IrreKnlar  masses ;  exposed  In  the  bed  and 
banks  of  the  river  at  Flint  Rapids;  containing  Qie 
fossils  named  below : IS  to  20 

Btreptelatma  ep. 

Zaphrattit  itokeii. 

Ohonophj/livm  canodetwe. 

Ptychophvlli'm  cf.  ttokeH. 

DipKyphgUtim  multtcaate. 

Ovitottj/liti  infundtbulum. 

Cji»tost]/lua  tt/picut. 

Aphvllottylui  siraoUli.  , 

TyrreUia  aeverejuit. 

PaleofavoHtet  aspera. 

FavoHtei  favotua. 

Favotitei  \itingeri. 

Alveolitei  niaparentte. 

Syrlngopora  cf.  M/urcata. 

Saiutitei  catenvlatva. 

Euwnphahu  roUmdut. 

EuompKalopter**  cf.  tyrrelli. 

Actinoceroi  sp. 

itocMlina  grandtt  var.  latimarfftnata, 
k  abort  gap  In  exposure 

5.  Limestone,  gray,  cherty  In  the  npper  part ;  exposed  In 

the  south  bank  of  the  river  one  mile  above  Flint 
Rapids,  where  the  strata  dip  gently  downstream; 
containing  the  fossils  named  below : .*. .  12  to  15 
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Zapkrentia  paletu. 

FavoHlei  favottu. 

Favoaitei  sp. 

Sj/ringopora  bt/itrcafa. 

HaluMtea  catenulatut. 

8tropheod(mta  acanthoptera. 

Stropheodonta  cf.  philomela. 

Btropheodonta  «p. 

Ortkii  cf.  flabellitet. 

Dalmanella  elegantula. 

Camarotavhia  ekwianeniU. 

Cf.  CamarottBchia  coaletcetti. 

CamarotaxJiia  f  viinUltenait. 

Atrypa  cf.  reticularis. 

Buomphalug  rotundus. 

TentacvUte*  sp. 

Leperditia  Mtingeri  var. 
2.  LlmestoDe,  gray,  fine  grained,  thin  bedded,  containing 
Trimerella  ekwanen«i»  and  seTeral  species  of  gastro- 
pods near  the  base;  well  exposed  In  the  sontb  banb 
of  the  river  at  the  Upper  Rapids  and  at  the  rapids 
next  below;  containing  the  following  fossils: 15 to 20 

Streptelaama  pygmaum  vac.  ocddentale. 

Streptelasma  sp. 

Pavotitet  favotuf. 

Syringopora  bif areata. 

EalyHte.w  catcnulatut. 

Lyellia  sp. 

Trimerella  ekwanentis. 

Stropheodonta  acanthoptera. 

Stropltcnionta  sp. 

Orthi*  cf.  flabelUlei. 

BfllpTophon  sp. 

Bormntoma  wihiteaveti. 

Phancrotrema  occiAeni  T 

Euomphaliig  rofundu*. 

Ewmphalopterag  cf.  lyrrelli, 

Blrophoftylus  fllicincta. 

Aclirwceraa  keewatinentit. 

Actinoceras  sp. 

Itochilina  grandit  var.  latimarginala. 
A  gap  In  exposure 

1.  Limestone,  buff,  fine  grained,  dolomltlc,  in  places  mud 
cracked;  without  fossils;  exposed  In  the  south  bank 
of  the  river  between  Matateto  and  Crooked  rivers..      6tnS 

From  the  study  of  fossils  collected  by  Wilson,"  Whiteaves  has  shosr 
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that  Silurian  rocks  are  present  farther  south  on  Little  Current,  Drown- 
ing, and  other  branches  of  the  Albany  Elver, 

Fragments  of  yellow  dolomite  coutaiiiiiig  the  fossils  Favosites  favostis, 
Stropheodonta  acanthoptera,  Stropheodonta  sp.,  cf.  Virgiana  decussata, 
Pierinea  accidenlalis,  and  Leperdiiia  hisingeri  var.  were  found  In  the 
glacial  drift  aloug  Nelson  River  50  miles  above  the  nearest  exposure  of 
Paleozoic  rocks  farther  down  that  stream. 

CORRELATIOS  OP  TBB  SILVRiAH  FOBMATIOHB  OF  THE  BVD80S  BAY  REQION 

In  general. — The  Port  Nelson  and  Severn  Biver  limestones  in  the 
IIudsoD  Bay  region  are  thought  to  represent  the  pre-Niagaran  or  Alex- 
andrian series  of  the  Silurian  system,  while  the  Kkwan  Biver  limestone 
and  the  Attawapiskat  coral  reef  are  referred  to  the  Niagaran. 

Port  Nelson  limestone. — The  most  characteristic  fossil  of  the  Port 
N^elsoQ  limestone  in  the  Hudson  Bay  region  is  Virgiana  decussata.  This 
species  also  occurs  abundantly  in  the  basal  Silurian  rocks  at  the  Grand 
Rapids  of  Saskatchewan  Biver,"  and  it  is  practically  certain  that  the 
strata  from  which  they  came  in  the  two  regions  represent  the  same  strati- 
graphic  horizon.  The  Port  Nelson  limestone  includes  all  of  the  Silurian 
strata  in  this  region  below  the  top  of  the  layers  containing  Virgiana 
decuaaata.  In  another  paper"  the  senior  writer  has  shown  that  the 
lower  part  of  the  Silurian  limestone  in  the  Hudson  Bay  region,  contain- 
ing shells  of  Virgiana  decussata.  corresponds  with  the  zone  containing 
numerous  shells  of  this  species  at  the  Grand  Rapids  of  Saskatchewan 
River,  and  was  to  be  correlated  with  the  basal  part  of  the  Stonewall  lime- 
Mtiae  of  Manitoba  and  with  the  upper  part  of  the  Mayville  limestone  in 
Wisconsin  and  northern  Michigan.  It  probably  represents  the  same 
period  of  deposition  as  the  early  Silurian  strata  of  western  and  north- 
western North  America,  which  contain  numerous  shells  of  Virgiana  that 
have  previously  been  referred  to  the  genus  Conckidium  or  Pentamerus. 

Severn  River  limestone. — The  Severn  River  limestone  clearly  corre- 
aponds  with  the  Silurian  limestone  described  by  Hume  from  the  liake 
Timiskaming  region  and  correctly  correlated  by  him  with  the  Cataract 
formation  of  southern  Ontario.  It  corresponds  with  that  part  of  the 
Stonewall  limestone  of  the  Grand  Rapids  of  Saskatchewan  region  above 
the  zone  of  Virgiana  decussata  and  is  considered  the  equivalent  of  the 
Hendricks  and  Fibom  limestones  of  northern  Michigan.    The  correlation 

*■  E.  H.  Kindle :  Notca  an  the  gcolog;  >.nc1  paleontolag?  ol  the  lower  SBskatchewan 
HlT«r  TRUej.  Oeol.  Bnrrey  of  Ooada,  Mus,  Bull.  do.  21.  Oeologlcal  aerlcB  no.  30,  Octo- 
ber 14.  191B.  p.  IS. 

"T.  S.  a&Tige:  Correlation  of  farl;  Bllnrlan  rocks  ot  the  RudBon  Baj'  r«KloD.  Jour- 
Ul  ot  0«ol0ET,  *al.  Se,  no.  4.  IBia,  pp.  334-340, 
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described  above  uidicatea  the  age  of  the  Severn  Biver  limestone  as  about 
that  of  the  Cataract  formation  of  Ontario,  which  probably  corresponds  in 
age  to  the  earl;  Braasfield  or  Sexton  Creek  time.  The  relations  of  the 
province  in  which  the  Severn  River  limestone  waa  deposited  to  the  other 
North  American  marine  provinces  of  this  time,  as  conceived  by  the 
writers,  is  shown  on  the  paleogeographic  map,  figure  Z. 

Ekwaa  River  limestone. — The  Ekwan  Biver  limestone  doabtless  corre- 
sponds in  age  to  the  lower  or  middle  part,-  or  to  both  the  lower  and  middle 
parts,  of  the  Lockport,  or  Louisville,  limestone  of  the  Uiaaiseippi  Valley 
and  New  York  State,  bat  it  belongs  to  a  different  province  of  deposition, 
in  which  the  fauna  was  so  different  as  to  make  direct  correlation  with  anj 
horizon  of  the  Lockport  unosnallj  difficult.  It  appears  to  be  younger 
than  the  Clinton  of  New  York,  and  to  be  equivalent  in  time  to  the  lower 
or  middle  Lockport  limestone  of  the  Nisgaran  series,  as  the  succeeding 
Silurian  rocks  in  the  Hudson  Bay  region  are  thoaght  to  represent  late 
Lockpori;  time. 

Attawapiskat  coral  reef. — The  Attawapiskat  coral  reef  is  thought  to 
correspond,  in  part  at  least,  with  the  reef  rock  referred  to  by  Willism 
Logan,"  and  more  recently  described  by  Williams'*  as  the  Bramosa  beds, 
which  occurs  in  the  upper  part  of  the  "Lockport  member  of  the  Niagara" 
in  southern  Ontario. 

While  the  Ekwan  River  limestone  and  the  Attawapiskat  coral  reef  are 
thought  to  correspond  in  time  to  some  part  of  the  Niagaran  epoch,  the 
conspicuous  feature  of  the  Niagaran  rocks  in  the  Hudson  Bay  region  it 
the  great  difference  in  the  character  of  their  faunas  compared  with  that 
of  the  Niagaran  in  the  UissisBippi  Talley  and  New  York.  Very  few  (^ 
the  typical  Niagaran  species  of  the  latter  areas  are  present  in  the  Nisg- 
aran rocks  of  the  Hudson  Bay  region.  Not  a  single  species  of  Niagaran 
brachiopods  is  common  to  the  Hudson  Bay  region  and  the  Iowa  and  Illi- 
nois region  of  the  Mississippi  Valley,  and  no  species  of  Echinodermata, 
Mollnsca,  or  Arthropoda  found  in  one  of  these  areas  has  been  definitely 
identified  in  the  other.  A  few  of  the  Silurian  corals  that  have  an  almost 
world-wide  distribution  appear  in  both  regions,  but  many  of  the  coral 
species  present  in  the  northern  area  do  not  appear  in  the  southern. 

The  Niagaran  fauna  of  Illinois  and  Iowa  resembles  that  of  the  Niag- 
aran of  New  York  so  much  more  closely  than  either  one  of  these  resem- 
bles the  Niagaran  of  the  Hudson  Bay  region  that  it  seems  much  mon 
probable  that  the  Niagaran  fauna  of  Illinois  and  Iowa  came  from  the 

"William  Logan;  Gcol.  Burvry  of  Caoada.    Report  of  progreBa  to  ISSS,  p.  SST. 
>*  H.  T.  William* :  An  Eurypterld  horlion  In  tbe  Nla^ra  formatlan  ot  Ontario.    Otvt 
Surve;  o(  Canada,  Uus.  Bull.  no.  20.  Oeologlcal  Mrte*  no.  39.  181S. 
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east,  or  Atlantic,  realm,  across  New  York,  than  that  it  entered  the  conti- 
nent from  the  Arctic  region  by  way  of  Hudson  Bay. 

The  Niagaran  fauna  of  the  Hudson  Bay  region  certainly  reached  as 
far  south  as  southern  Ontario,  but  appears  not  to  have  advanced  far  into 
the  United  States.  The  Niagaran  fauna  of  Wisconsin,  like  the  earlier 
Silurian  in  this  region,  may  be  of  northern  origin,  as  it  resembles  that  of 
the  Kiagaran  of  the  Hudson  Bay  region  more  closely  than  does  that  of 
the  Niagaran  of  Illinois,  Iowa,  and  New  York,  as  is  shown  by  the  oc- 
currence of  such  unusual  coral  species  ae  Cystostylus  infuttdibulas,  C. 
typicas,  and  Pycnostylus  guelpkensia  in  the  Niagaran  of  both  the  Wis- 
consin and  Hudson  Bay  regions.  The  province  or  basin  in  which  the 
Xiagaran  rocks  of  Illinois  and  New  York  were  deposited  must  have  been 
completely  separated  either  geographically  or  in  time  from  that  of  the 
more  northern  basin,  which  contained  the  Niagaran  faunas  of  the  Hudson 
Bay  and  Ontario  regions,  so  that  little  or  no  opportunity  was  permitted 
for  the  intermigration  of  any  of  the  many  species  that  inhabited  these 
different  basins.  The  paleogeographic  map,  figure  3,  will  show  the  views 
of  the  writers  regarding  the  relations  of  the  geologic  provinces  of  North 
America  during  this  part  of  the  Niagaran  epoch, 

Devonian  Rocks  in  tite  HonsoN  and  Jambs  Bay  Bbqion 

EARLIER  STUDIES 

For  our  previous  knowledge  of  the  Devonian  rocks  in  this  region  we 
are  indebted  largely  to  the  work  of  Robert  Bell  and  W.  A.  Parks,  In  a 
report  on  the  east  coast  of  Hudson  Bay,  Bell*"  lists,  on  the  authori^-  of 
Whiteaves,  several  species  of  Devonian  fossils  that  were  collected  between 
the  long  portage  of  the  Missinaihi  branch  of  Moose  River  and  Moose  Fac- 
tory. These  species  are  thought  to  indicate  the  Upper  Devonian  age  of 
the  strata  and  are  similar  to  those  occurring  in  the  Devonian  rocks  along 
Abitibi  River.  In  a  report  of  an  exploration  of  portions  of  Attawapiskat 
and  Albany  rivers,  BelP'  gives  a  list  of  Devonian  fossils  collected  aloitg 
Albany  River  for  some  distance  above  Fort  Albany.  These  were  identified 
by  Whitoaves,  who  considered  them  of  Lower  Devonian  age.  In  a  later 
report  Bell"  lists  the  species  of  fossils  from  the  Devonian  rocks  along 
Kwataboahegan  River  and  also  gives  a  list  of  species  collected  along  the 
Abitibi. 

"Robert  Belt:  Beporl  on  an  ciplorBtloD  of  the  east  coaat  of  Hudson  Ba;  In  ISTT. 
Geol.  Survw  of  Canada.  187B.  Rept.  C,  pp.  Kc  to  Be. 

*■  Robert  Bell :  Oral.  Sarrer  of  Canada,  Summary  Rept.,  1S86,  p.  BSO. 

*■  Robert  Bell :  Oeol.  Surre;  of  Canada,  Summary  Kept..  1902  and  IMS,  pp.  230A  and 
33SA. 
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FioDBi  3. — aeiieraUttd  Map  of  ? 


r  Lockport  t[me.     Lined  areiiB  ceprenent  seas.  ...  i  .  C  i(^(lQ  Ic 

Soc.  Am.,  Vol.  30.  i»18  '  *~^ 


372  PALEOZOIC  BOCKS  OF  THE  HUDSON   BAY   REGION 

In  a  paper  on  the  Nipissing  and  Algoma  boundary.  Parks*'  describes 
the  rocks  occunTDg  along  tbe  Abitibi  and  Little  Abitibi  rivers  and  liets 
the  species  of  fossils  collected  along  these  streams.  Some  of  the  species 
from  the  latter  river  indicate  a  possible  Devonian  horizon  lower  than  the 
fossiliferous  Devonian  along  the  Abitibi. 

More  recently  Parks  has  published  a  more  complete  list  of  the  Devo- 
nian fossils  found  along  Kwataboahegan  River,"  which  includes  certain 
species  that  led  him  to  conclude  that  the  limestones  exposed  along  that 
river  were  to  be  correlated  with  the  lower  part  of  the  Onondaga  of  the 
New  York  section. 

Fossils  of  Devonian  age  were  collected  from  limestone  boulders  in  the 
glacial  drift  along  the  banks  of  Nelson  Biver  about  20  miles  below  the 
Split  Lake  post  of  the  Hudson  Bay  Company  and  50  miles  above  the  first 
exposure  of  Paleozoic  rocks  farther  down  the  river.  The  species  included 
Sfriatopora  sp.,  Chonetea  sp.,  Productella  ap.,  Oypidula  near  comis. 
Atrypa  missouriensis,  A.  sptnosa,  and  Spirifer  subvaricosa.  Silurian  fos- 
sils were  also  found  in  some  of  the  limestone  boulders  in  this  locality. 
These  fossils  would  indicate  that  outliers  of  Devonian  and  Silurian  rocks 
were  probably  present  in  pre- Pleistocene  time  in  places  north  and  east  of 
the  great  center  of  accumulation  of  the  Keewatin  ice-sheet.  However,  no 
Devonian  rocks  in  place  have  been  reported  in  this  region  north  of  thp 
basin  of  Albany  Biver. 

BTRVCTURB  OP  THE  STRATA 

The  Devonian  rocks  along  Abitibi  and  Moose  are  more  or  less  undulat- 
ing, but  have  a  general  dip  toward  the  north  at  a  low  angle.  In  places 
local  folds  disturb  the  prevailing  inclination  of  the  strata.  One  of  the 
most  prominent  folds  is  exposed  on  the  west  bank  of  Abitibi  River  near 
the  middle  of  Long  Rapids,  about  55  miles  above  its  mouth,  where  a 
rather  steep  syncline  crosses  tlie  valley  in  a  nearly  east-west  direction  and 
carries  the  Devonian  limestone  below  the  bed  of  the  river.  A  thickness 
of  about  55  feet  of  Upper  Devonian  Sporangites-'aeBXmg  shale  is  here  ei- 
posed  above  the  level  of  low  water  for  a  distance  of  several  rods.  Farther 
up  the  same  river,  in  the  vicinity  of  Coral  Portage,  the  lower  part  of  the 
section  is  cut  by  dikes  and  small  stacks  of  basaltic  igneous  rock.  Similsr 
intrusives  occur  in  sandstones  and  conglomerates  of  a  lower  horizon  at 
the  Sextant  Bapids,  S^A  miles  farther  up  the  river. 
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DBTAILMD  BECTIOH  OF  DEVOyiAH  STRATA  RXP08BD  ALOHO  ABITIBI  RIVMIt 

DeTOnlan  syBtem 

Upper  Devonian  series 

Long  Kaplds  sbale  '"li'tST* 

13.  Sbole,  In  alternating  layers  of  gray  and  dark  color; 
exposed  In  tbe  west  bank  of  river,  about  the  middle 

of  Long  Rapids 20 

12.  Shale,  black,  somewhat  laminated,  containing  nu- 
meroiiB  spores  of  BporangUes  kuroncn«e;  exposed 
In  .the  west  bank  where  a  syncllne  crosses  the  river 

valley  near  the  middle  of  Long  Rapids 35 

Abltlbl  River  limestone— a bont  110  feet 

11.  Shale,  calcareons.  In  layers  4  to  10  Inches  thick,  al- 
ternating with  irregular  nodular  layers  of  about 
equal  thickness;  es[)Osed  beneath  the  black  shale, 
number  12  above,  from  which  It  is  separated  bj  a 
sedimentary  break ;  containing  the  fossils  listed 

below :    ■ 8 

LeptostropMa  ct.  perplana. 
Schaehertella  chemungenHi  var. 
Productella  cf.  productoidet. 
Schizophoria  ioioentit. 
LeiorhyiKtHU  near  glohultformU. 
Leiorht/nchut  near  kelloggi. 
Leiorhi/nchiu  aff.  mcBacottalU. 
Atrgpa  inU»ouriemi». 
Alrypa  reticularii. 
Cvrtina  hamiltoncnaU  var. 
Cyrtina  hamUtonen»i». 
Bpirifer  near  tubvaricoms. 
Delthtfria  tvKlptilig. 
Retlcularia  aff.  UevU. 
Athyrtt  fultonen»ts. 
10.  Limestone.  Irregularly  bedded,  partly  dolomltlc,  with 
few  or  no  fossils;  exposed  in  the  upper  part  of 
I>ong  Rapids  end  also  at  the  mouth  of  Abltlbl  River 
and  near  the  mouth  of  the  Kwataboahegan  River. .  IS 

9.  IJmestone,  shaly,  or  calcareous  shale,  with  few  or  do 
fossils ;  exposed  along  the   river  bank  near  the 

upper  end  of  Long  Rapids IJ 

S.  Dolomite,  brown,  in  thin  layers,  the  lower  3  feet  a 
distinct  coral  reef;  containing  the  species  listed 
below;  exposed  a  short  distance  above  the  outcroim 

of  9  and  10  above 12 

Acervwlaria  davidtoni. 
Acervutaria  near  profunda 
FavoHtes  alpentntin. 
AVoeoUtet  sp. 
Aulopora  sp. 
Cpratopora  fip. 
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TblckntM 
IniRt 
Atrypa  rcticvlarit. 
Athyrii  fvItonengU. 
A  abort  gap  In  eipoaure 

7.  Llmcatone,  brown,  nodular,  with  very  many  shells  ot 
Atrypa  rctlculoria  var. ;  exi>osed  In  tbe  west  bank 
near  the  bead  of  Long  Rapids  and  od  the  Island  op- 
posite ;  this  Is  tbonght  to  represent  the  horizon  of 

the  gypsom  along  Moose  River 2S 

A  short  gap  In  exposure 

6.  Dolomite,  brown,  massive,  rather  soft  and  veslcMilar, 
well  eitposcd  on  both  sides  of  the  river  at  the  foot 
of   Coral    Portage ;    containing   the   fos^s   listed 

below ;    2S 

Streptelatma  cf.  prolifica. 
CyathophyUam  ap.  (large  coralla). 
Beliophvllum  all.  halli. 
nrliophvUum  sp.  (compound  coralla). 
PhiUipgastraa  vemevili. 
Diphvphpllum  cf.  nimcoente. 
Cj/$tiphvtlum  cf.  vaiculoaum. 
FavoHtea  bataltica. 
Favotttet-  radMformig. 
Favotitea  turbinata. 
Favositea  sp. 
Alveolitea  aguamoaua. 
Hyringopora  maclurea. 
Sjiringopora  noWia. 
Byringopora  sp.  (witli  small  corallites). 
Stropheodonta  demiaaa. 
Srhlaophoria  iotcensia. 
S.  Alternating  layers  of  bluish  gray  shale  and  abalj 
Itmentone.  each  6  to  8  Inches  thick,  the  more  pure 
limestone  layers  containiiig  the  fossils  listed  be- 
low :  exposed  between  Coral  and  Sextant  portages.         21 
Stropheodonta  demiaaa. 
Crmorardium  cf.  trigonalc. 
Middle  Devonian  series  (7) 

Sextant  sandstone  and  shale 

4.  Conglomerate,  gray,  containing  small  pebbles  and  a  con- 
slderatile  amount  of  sand,  cemented  with  caldnm  car- 
bonate; exposed  at  Sextant  Rapids 14 

3.  Shale,  sandy,  red,  exposed  at  Sextant  Rapids StolO 

2.  Sandstone,  soft,  red,  poorly  sorted,  and  Irregularly  bedded, 
arhoslc,  bearing  several  thin  sills  of  twsalt;  exposed  at 

Sextant  Raptds  27 

1.  Conglomeratic  sandstone,  with  intruded  sills  of  tusalt; 
well  expofied  in  the  west  bank  of  the  river  e  short  dis- 
tance above  Sextant  Rapids;  to  contact  with  basic  In- 
trusion In  the  bed  of  the  river 3S 
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Sextant  sandstone  and  shale. — On  account  of  the  absence  of  foBsils  and 
the  indecisive  evidence  furnished  by  their  stratigraphic  relations,  the  age 
and  correlation  of  the  Sextant  sandstone  and  shale  ontcropping  in  t)ie 
vicinity  of  Sextant  Portage  along  Abitibi  Kiver  can  only  be  provisionally 
determined.  From  their  stratigraphic  position,  it  is  known  that  they  are 
older  than  the  Devonian  strata  inclnded  in  the  Abitibi  Biver  limestone. 
The  generally  red  color  of  these  rocks  and  the  arkosic  character  of  some 
of  the  sands  indicate  that  they  were  deposited  nnder  arid  climatal  con- 
ditions, and  suggest  that  they  may  possibly  correspond  in  age  with  some 
of  the  salt-bearing  Devonian  rocks  which  fnmish  the  salt  in  the  salt 
springs  of  western  Manitoba.  However,  it  is  recognized  that  gypsum 
deposits,  indicating  similar  conditions  of  aridity,  also  occur  in  Devonian 
strata  along  Moose  River,  but  the  latter  are  thought  to  correspond  in  age 
to  a  higher  horizon  in  the  Abitibi  Biver  limestone.  In  the  absence  of 
definite  evidence  regarding  the  age  of  these  sandstones  and  shales,  they 
an?  tentatively  referred  to  the  Middle  Devonian. 

Abitibi  River  limestone. — The  fauna  of  the  Abitibi  River  limeetone 
appears  to  be  more  closely  related  to  that  of  the  TTpper  Devonian  of  the 
Manitoba  and  Iowa  regions — the  Interior  Continental  province  of  Wil- 
Hams — than  to  that  of  any  Devonian  horizon  in  the  Eastern,  or  New 
York,  section.  This  fauna  contains  a  relatively  larger  proportion  of 
«)mpound  corals  and  fewer  simple  cup  corals  than  usually  occur  in  the 
Xew  York  Hamilton. 

Furthermore,  the  characters  of  the  fossil  called  Stropheodonta  demissa 
are  those  of  speciea  found  in  the  Interior  Continental  province.  Favo- 
siles  alpenfnsis.  Schizophona  iowensi^,  Atkyris  fultonensis,  and  Atrypa 
missouriensis  are  characteristic  species  of  the  Devonian  of  this  Western 
region.  From  these  considerations  it  is  thought  that  the  Abitibi  Biver 
limestone  is  to  be  correlated  with  some  part  of  the  late  Devonian  of  the 
Interior  Continental  province,  as  developed  in  Iowa  and  western  Mani- 
toba, rather  than  to  any  part  of  the  late  Devonian  section  of  the  Eastern, 
or  New  York.  pro\ince,  with  some  part  of  which  these  strata  doubtless 
correspond  in  age. 

Compared  with  tlie  Devonian  fauna  of  ^Manitoba,  the  abspiice  of 
SIrinqocrphahis  buHont  and  several  of  its  a.ssociates  is  conspicuous,  and 
the  Abitibi  River  limestone  fauna  corresponds  more  closely  with  that  of 
the  youngest  formation  (Mnnitoban  of  Tyrrell)  than  to  that  of  either  of 
the  older  Devonian  formations  of  western  Manitoba,  as  does  also  the  late 
Middle  Devonian  fauna  of  Iowa.  After  the  Winnipejrosan  dolomite  which 
etmtains  the  Stritigocephalus  hiirlnni  fauna  had  been  deposited  in  fhi.s 


)vGoo<^lc 


PALBOZOIC  BOCS3  OF  THE  HUDSON  BAY  REGION 


br  Korth  America  liuring  Period  ol  DepMfriDN   of  JMtiM 


srl;  Upper  D«rOD[an.      Lined  a 


iiCoo'^lc 


CORRBLATION   OF  DEVONIAN   STRATA  377 

region,  there  probably  occurred  a  great  expansion  of  the  sea  in  the  In- 
terior Continental  province.  During  Manitoban  time  the  Arctic  Sea  ad- 
vanced as  far  south  as  Iowa,  northwest  Illinois,  and  northern  Missouri 
and  spread  eastward  as  far  as  the  James  Bay  and  Abitibi  River  region 
about  as  shown  in  figure  4.  This  great  expansion  prevailed  also  in  the 
late  Devonian  during  the  time  of  deposition  of  tiie  SporangUes-beatiag, 
Long  Bapids  shale. 

Long  Rapids  shaie. — The  only  fossils  found  in  the  Long  Bapide  ehale 
are  the  spores  of  a  species  of  a  pteridophyte  plant  known  as  Sporangitea 
huronense,  which  occur  in  great  abundance  throughout  the  black  shale. 
Numerous  spores  of  this  species  are  also  characteristic  of  the  Sweetiand 
Creek  shale  {usually  referred  to  the  Upper  Devonian)  of  Iowa  and  Illi- 
Qois,  which  is  known  to  extend  as  far  north  as  Chicago  and  Milwaukee. 
It  may  be  that  the  Long  Bapids  shale  is  to  be  correlated  with  the  Sweet- 
land  Creek  shale  farther  south,  the  latter  then  being  a  representative  of 
the  Long  Bapids  deposit. 

Professor  Parks  has  reported  several  species  of  Devonian  fossils  from 
Kwataboahegan  River  and  Little  Abitibi  Biver  that  do  not  appear  in  the 
foregoing  lists  and  that  seem  to  indicate  a  fauna  older  than  that  found 
along  Abitibi  River.  There  seems  no  doubt  that  other  fossiliferous  De- 
vonian horizons  are  present  in  the  James  Bay  region  than  those  found 
along  the  Abitibi  and  Moose  rivers.  It  is  possible  that  a  part  or  all  the 
older  Devonian  strata  indicated  by  the  fossils  reported  by  Parks  from 
Kwataboahegan  and  Little  Abitibi  rivers  may  be  represented  in  the 
Abitibi  River  section  by  the  unfossiliferous  sandstone  and  shale  of  the 
Sextant  formation,  which  is  older  than  the  Abitibi  River  limestone.  It 
is  also  recognized  that  in  other  places  in  the  James  Bay  region  a  fossilif- 
erous limestone,  not  represented  in  the  Abitibi  River  section,  may  be 
present  at  a  horizon  lower  than  that  of  the  sandstone  and  conglomerate 
occurring  in  the  basal  part  of  the  Devonian  along  Abitibi.  The  detailed 
description  of  the  relation  and  correlation  of  the  Devonian  rocks  in  this 
region  older  than  the  Abitibi  Biver  limestone  must  be  postponed  until  a 
more  detailed  study  of  the  rocks  exposed  along  the  Kwataboahegan  and 
fitbor  rivers  tributary  to  the  Moose  and  Albany  rivers  can  be  made. 
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Intkoduction 


In  1902  the  Cope  Collection  of  Fossil  Reptiles  was  presented  to  the 
American  Museum  of  Natural  History  by  President  Morris  K,  Jesup, 
It  included  all  of  Cope's  types  and  other  dinosaur  material  of  Morrison 
age  from  the  Ticinity  of  Canyon  City,  Colorado.  Several  of  these  types 
antedated  in  definition  Marsh's  types  from  beds  of  similar  age.  Cope's 
references  were  full,  but  accompanied  by  few  figures;  Marsh's  came  later 
and  were  adequately  illustrated.  Marsh  also  issued,  in  the  publications 
of  the  United  States  Geological  Survey,  two  more  or  less  complete  sum- 


1  UsDUScrlpt  recelrfd  by  the  SiH;retar.v  o(  the  Sitclety  March  12,  IftlB. 
HeniT  FHlrflctd  Osborn  and  Charles  Craig  Mook  -  IntroduclloD  to  a  Joint  memo 
titled    "Camaraiaurut,   Awphicirlint,   and   othpr    aauropoda    of   Cope."      In    prepar 
American  Huaeiim  of  Natural  Hlatorj'. 
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maries  of  the  characters  of  these  animals,  which  were  fully  illustrated 
and  widely  diBtributed ;  couseqtieDtly  they  became  well  established  in  the 
literature,  while  Cope's  are  still  unrecognized  and  imperfectly  known. 
Our  object  has  been  to  describe  and  determine  as  fully  as  possible  Cope's 
types,  especially  of  the  Opisthoecelia,  the  most  important  of  which  is  that 
of  Camarasaurua.  This  generic  name  antedates  Moroiaiiinu  Marsh,  with 
which  it  is  considered  congeneric,  by  about  one  year. 

The  fugitive  descriptions  and  determinations  by  Cope,  Osbom,  Siggs, 
and  Mook  may  now  be  replaced  by  thorough  descriptions  and  illustra- 
tions, in  which  the  characters  of  the  genus  Oamaraaauna  are  determined 
in  great  detail,  so  far  as  the  nature  of  the  material  will  permit.  All  the 
type  material,  including  the  types  of  six  genera  and  eleven  species,  hss 
been  figured,  and  these  animals,  practically  unknown  since  their  original 
mention  forty  years  ago,  have  now  been  brought  to  light. 

OCCOHBENCE   AND  COLLECTING  OF   MaTEBIAL 
ORIQWAL  DIBCOVEHY  AND  COLLBCTINO 

In  the  spring  of  1877  Mr.  0.  W.  Lucas,  superintendent  of  public  schools 
in  Canyon  City,  Colorado,  discovered  some  large  fossil  bones,  which  he 
sent  to  Prof.  Edward  D.  Cope.  The  date  of  this  discovery  is  not  defi- 
nitely known,  but  it  appears  to  have  been  some  time  in  March.  From  the 
first  specimens  which  reached  the  Cope  Museum  in  Philadelphia,  Cope 
made  his  original  description  of  Camarasaurus  and  founded  the  genus; 
this  description  was  published  August  23,  1877,  The  name  Cnmara- 
sauras,  or  "chambered  saurian,"  was  given  in  reference  to  the  cavemons 
nature  of  the  centra  of  the  cervical  and  dorsal  vertebrte,  in  connection 
with  the  lateral  cavities  now  known  as  pleuroccelia.  After  receiving  the 
original  hones.  Cope  employed  collectors  who  gathered  more  material,  all 
of  which  is  now  in  the  American  Museum. 

BUBSEQVENT  COLLSCTIXQ 

The  amount  of  material  collected  by  Cope's  parties  was  very  large.  It 
was  not  all  prepared  at  once,  but  a  considerable  amount  of  it  was  cleanod 
up  by  Jacob  Gcismar  under  Profeseor  Cope's  direction.  In  1877  a  recon- 
struction of  the  skeleton  of  Camarasaurus  was  made  by  Dr,  John  Ryder, 
under  the  direction  of  Professor  Cope.  This  reconstruction,  the  first  ever 
made  of  an  opisthocoelous  dinosaur,  was  natural  size  and  embodied  repre- 
sentations of  the  remains  of  a  number  of  individuals;  it  was  over  fiflv 
feet  in  length.  It  was  exhibited  at  a  meeting  of  the  American  Philo- 
sophical Society,  on  December  21,  1877,  and  since  has  been  exhibited  a 
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number  of  times  &t  the  American  Museum  (where  it  ie  now  preserved) 
and  elsewhere.  A  greatly  reduced  copy  of  it  was  published  by  Mook  in 
1914.' 

After  the  collecting  of  the  material  which  formed  the  basis  of  the 
above-mentioned  reconstruction,  Cope's  collectors  sent  in  more  material. 
This  collecting  was  continued  until  1880. 

OBOLOOICAL  HBSClllPTIOK  OF  TUB  CAl/rOX   CITY  DIH08AVB  LOCAUTY 

All  the  bones  were  found  in  the  uppermost  beds  of  the  Morrison  forma- 
tion near  Qarden  Park,  about  81/^  miles  north  to  northeast  of  Canyon 
City,  Colorado.  The  Morrison  in  this  locality  is  about  320  feet  thick  and 
is  a  member  of  a  triangular  block  of  sedimentary  rocks  which  is  nearly 
surrounded  by  the  ancient  crystallines.  The  apex  of  the  triangle  is  toward 
the  north.  The  crystalline  rocks  bound  the  block  on  the  east,  north,  and 
west;  toward  the  south  the  block  merges  into  the  sediments  of  the  plains. 
The  block  is  partly  faulted  against  the  crystallines  and  partly  folded 
down  alongside  of  them.  Detailed  information  regarding  the  general 
geology  of  the  region  is  available  in  the  Pikes  Peak  Polio'  of  the  United 
States  Geological  Survey's  Geological  Atlas. 

The  Morrison  formation  is  composed  lithologically  of  thin  limestone 
bands,  sandstone  beds,  usually  showing  cross-bedding,  but  chiefly  of  fine 
grits  known  as  "joint-clays."  This  formation  is  one  of  great  areal  extent 
and  of  comparatively  small  thickness.  It  has  been  interpreted  as  the 
■  result  of  deposition  of  sediments,  mainly  by  rivers,  but  partly  by  wind, 
on  a  broad  flat  plain  of  rather  low  altitude.  The  conditions  of  its  depo- 
sition evidently  provided  broad  areas  of  marshy  country,  with  lakes, 
interlacing  streams,  and  flat  interatream  areas.  Such  conditions  favored 
tlie  development  of  the  Opisthoccelia  and  oUier  branches  of  dinosaurs. 
The  age  of  the  formation  has  been  variously  interpreted  as  Jurassic,  Jura- 
Cretaceous,  and  Comanchean.  No  opinion,  however,  upon  that  subject  is 
stated  at  the  present  time.  The  formation  has  recently  been  discussed  by 
Log,*  Mook,*  and  Schuchert,"  to  whose  articles  reference  is  made  for  fur- 
ther information. 

■Chirlei  r.  Moofc;  Noteg  on  Oamaraiaunu  Cope.  Ann,  New  Tork  Acad,  8cl..  vot. 
iilT.  Ma7  21.  1914.  PP.  19-22,  1  tf. 

•WMtman  Crou:  Plkea  Peak  Folio:  D.  8.  Geol.  Surrey,  Qeol.  Atlas,  Folio  T,  1894, 
A  pp..  5  maps. 

'  WlUla  T.  Lee :  RekBona  (or  regardlDg  Uie  Morrlaon  as  an  lotroductor;  Cretaerona 
rormatlon.     Ball.  Qeol.  Soc.  Am.,  vol.  26,  1910,  pp.  808-814. 

'  Charles  C.  Uook  :  A  study  of  the  HorrlsoD  lormatloD,  Ann.  N.  Y.  Acad.  8cl..  toI. 
Iirll,  IDIS.  pp.  39-191.  fl4  flgs.,  pi.  tI. 

'Charles  Schuchert:  Age  at  the  American  Morrison  and  East  African  Tendaguru  tor- 
malloDS.     Bull.  Oeol.  Soc,  Am.,  vol,  211,  IDIB.  pp.  24r>-24S. 
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THE  gUARRIEB 

Unfortunately  the  quarry  records  of  the  Cope  Canyon  City  material 
have  been  lost ;  no  quarry  diagrams  are  mentioned  in  any  of  Cope's  de- 
scriptions and  it  ia  unlikely  ttiat  any  were  made.  Two  large  quarries  «re 
known  to  have  existed  and  their  location  is  known  at  the  present  time. 

One  of  these  is  situated  almost  at  the  crest  of  the  escarpment  which 
forms  the  west  boundary  of  Garden  Park  and  near  the  base  of  a  small 
conical  hill  locally  known  as  the  "Nipple,"  It  is  not  very  definitely 
marked,  but  traces  of  the  work  of  excavation  by  Cope's  collectors  and 
others  mark  its  site.  This  quarry  is  called  Oope  Quarry  No.  2,  The 
matrix  is  largely  grayish  and  it  is  likely  that  it  fnmished  most  of  the 
bones  which  are  known  collectively  as  the  yellow  series,  althoogh  this  is 
not  certain.  Some  of  the  matrix  is  neither  gray  nor  yellow,  and  it  ia 
possible  that  certain  of  the  yellow  bones  may  have  come  from  the  other 
quarry.  The  value,  therefore,  of  the  color  of  the  matrix,  in  determining 
the  field  association  of  the  bones,  is  limited.  Variation  in  color  depends 
on  the  condition  of  the  iron  oxide  of  the  matrix  and  probably  also  on  the 
original  conditions  of  decay  of  the  animal  tissue.  The  quarry  was  re- 
worked by  Mr.  J.  B.  Hatcher  for  the  Carnegie  Museum  in  1901. 

Another  large  quarry  is  situated  about  500  yards  west  to  southwest  of 
the  "Nipple,"  a  considerable  distance  from  the  edge  of  the  escarpment. 
This  quarry  is  called  Oope  Quany  No.  1.  Here  the  Morrison  is  capped 
hy  the  PurgatoJre  sandstone  and  the  quarry  site  is  very  definitely  marked 
by  a  great  excavation.  The  matrix  is  chiefly  reddish  to  brownish,  and 
prolialily  most  of  the  bones  of  a  reddish  color,  collectively  known  as  the 
red  series,  came  from  this  quarry. 

There  must  have  been  at  least  one  more  quarry  in  this  vicinity  which 
furnished  some  of  the  opisthocoelous  material,  but  the  nature  and  the 
location  of  it  are  not  known ;  indeed,  the  types  of  A  mphicceiias  alius  and 
A.  latus  may  have  come  from  this  quarry,  about  which  no  reliable  infor- 
mation is  available.  All  of  these  quarries  are  located  a  short  distance 
north  of  the  Marsh-Hatcher  quarry,  which  yielded  the  types  of  Diph- 
dociis  longiis  Marsh,  Haplocanthosaurus  prisais,  and  /?.  ultfrb'trH 
Hatrlier.  The  MarsJi-IIateher  quarry  was  excavated  at  a  lower  geologic 
le\el  than  the  Cope  quarries. 

Original  Descriptions  of  Opisthocceua  by  Cope 

The  chronologic  sequence  of  the  establishment  of  the  genera  and 
species,  with  a  brief  statement  of  their  present  determination,  may  W 
summarized  as  follows : 
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GeDui        fipylM  Ottgloal  date        PtewDt  determlDatlon 

I.  Camara»a«rm  Augnst      23, 1877    Camarasaurus 

1.  C.  auprcmu* '  Augost      23, 1877    C.  *upremu» 

2.  C.  leptodirui  June,  1879    C.  tupremut 

II.  Cttulodon    November 21, 1877    Provisionally, 

*  Camaraaaurut 

3.  C.  divertident '  November  21, 1877    Provisionally, 

C.  supntHug 

4.  C.  leptaganut January    10, 1878    Provisionally, 

C.  lupremus 
III.  Tichottevt November  21, 1877    Indeterminate 

5.  T.  liicasanui '  Novemt)er  21, 1877    Indeterminate 

0.  T.  irqnifaciet  May  3, 18T8    Indeterminate 

IV.  Amphiccelia*  December  10, 1877    ^mpWcirlws 

7.  A.  alttu' December  10, 1877    A.altut 

8.  A.  latut  December  10, 1877    Provisionally. 

C.  tapremua 

0.  A.  fraffUUmttt August,  1878    Indeterminate 

V.  8ifnphvrophu$ January,         1878    Indeterminate 

10.  8.  muxmlnsHg ' Jannarj',         1878    Indeterminate 

VI.  Epanteriat   Jnne.  1878    Provisionally, 

carnivore 

11.  B.  amplexus'  June,  1878    Provisionally, 

carnivore 

PhEPARATION  AND  RESEARCH   IN  THE   AmEHICAN   MuSEUM 
ACQVI81TI0X 

The  Cope  Collection  of  Fossil  lleptiles  had  been  examined  in  Phila- 
delphia by  Dr.  W.  D.  Matthew  and  was  transferred  to  the  American 
Museum  under  his  direction.  The  preparation  of  the  material  was  made 
by  Messrs.  Kaison,  Charles  and  Otto  Falkenbach,  Lan;;,  Christman, 
Hoover,  Brickner,  Carr,  and  Ilorne. 

RESBARCB  JS  WOt 

Doctor  Matthew  went  over  the  material,  under  the  direction  of  Pro- 
fessor Osbom,  and  catalogued  and  identified  it  so  far  as  was  possible  with 
the  aid  of  the  records  available,  distinguishing  the  material  obtained  in 
the  earlier  collecting,  in  1877,  by  Superintendent  Lucas,  from  that  ob- 
tained in  the  later  collecting,  in  1880,  under  Mr.  Ira  H.  Lucas.  Subse- 
quently Professor  Oshom  and  Dr.  W.  K.  Gregory  made  a  further  study 
of  the  vertebrte  and  arranged  them  provisionally  into  scries,  using,  in 
addition  to  the  previous  records,  the  color  of  the  bones,  the  bones  of  the 
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red  series  apparently  having  come  from  a  difterent  quarry  than  those 
of  the  yellow  seriee.  The  red  bones  probably  came  from  Cope  Quarry 
No.  1,  and  the  yellow  from  Cope  Quarry  Xo.  2.  The  limitations  of  color 
in  determining  the  original  association  of  bones  have  been  indicated 
above.  The  bones  of  the  earlier  collection  were  given  the  mimber  5760, 
with  variations  according  to  their  identification  as  individnals,  such  as 
5760'  and  5760",  and  probably  were  mostly  from  Quarry  No.  1 ;  the  bones 
of  the  later  collection  were  given  the  base  number  5761,  with  a  further 
modification  into  5T6l-a  for  a  presumably  different  individual  than  the 
rest  of  5761,  and  were  probably  from  Quarry  No.  2. 

In  connection  with  this  work,  which  was  carried  on  in  1904,  Mr.  Ru- 
dolph Weber,  then  artist  of  the  Department  of  Vertebrate  Paleontoloftj', 
made  line  drawings  of  many  of  the  vertebrse.  In  1906  some  wash  draw- 
ings of  the  skull  material  were  made  by  ilr.  Erwin  S.  Christman,  These 
illustrations  were  originally  prepared  for  the  United  States  Geological 
Survey  Monograph  on  the  Sauropoda,  in  course  of  preparation  by  Pro- 
fessor Osbom.  The  cost  of  preparation  of  these  drawings  was  borne  by 
the  Survey. 

RBBEARCB  IX  ISU-Ua 

In  1912  work  on  the  Cope  Opistboccelia  material  was  renewed  as  part 
of  the  preparation  of  the  Sauropoda  Monograph,  which  was  being  pre- 
paiied  for  the  Survey  by  Professor  Osbom.  This  work  was  undertaken 
by  the  present  junior  author  under  the  direction  of  the  senior  author. 
The  entire  Cope  Collection  of  Opisthocoelia  from  Canyon  City  was  studied, 
among  other  material,  with  the  object  of  separating  the  vertcbite  and  limb 
bones  referable  to  Camarasaurus,  Ampkiarlias,  and  the  other  Cope  ^ncri 
and  arranging  them  in  series  similar  in  size,  proportion,  and  color,  as  well 
as  determining  die  characters  of  Camarasaurus  and  Amphicwlias  and  the 
less  known  genera.  To  a  considerable  extent  this  work  consisted  in  veri- 
fication of  the  previoufl  work  by  Doctor  Matthew  and  Doctor  Gregory,  in 
modification  of  their  results,  in  a  few  cases,  and  in  expanding  them  to 
meet  the  present  needs. 

This  research  has  terminated  in  the  arrangement  of  the  vertebrte  and 
ribs  in  morphological  series,  which  may  represent  originally  distinct  indi- 
viduals or  they  may  not.  The  attempt  was  made  to  associate  the  bones 
of  single  individuals  so  far  as  practicable,  but  in  many  cases  evidence  for 
this  was  insufficient  and  in  such  cases  an  effort  was  made  to  assemble 
series  that  would  be  reasonably  constituted  in  a  morphological  sense.  The 
arrangement  of  the  boni'S  in  these  series  is  as  accurate  as  it  could  be  made, 
in  view  of  the  distorted,  .sometimes  incomplete,  and  badly  mixed  character 
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of  the  material.  The  pairing  of  the  girdle  and  limb  bones  was  eimilarly 
undertaken,  though  no  attempt  waa  made  to  pair  the  ribs.  In  a  few  cases 
it  has  been  possible  to  detemuDe  the  relation  of  some  of  the  girdle  and 
limb  bones  with  the  vertebne,  but  in  most  cases  the  original  association 
is  still  unknown,  though  their  possible  association  is  very  evident. 

CARSIVOROVB  Dl\08ADR  MATERIAL  AND  TYPSB 

Associated  with  typical  theropod  remains  in  the  type  of  Epanterias 
amplexus  are  some  bones  of  a  large  opisthoco^lian.  It  is  possible,  if  not 
probable,  that  the  types  of  Tichoatevs  lucasanua  and  T.  aquifacies,  also 
of  Symphyrophus  musculosuSj  may-be  referable  to  the  Theropoda.  There 
are  some  ribs  among  these  which  certainly  do  not  agree  in  characters  with 
the  majority  of  camsrasaur  ribs  and  do  resemble  those  of  the  Theropoda. 
They  may  be  provisionally  referred  to  a  large  member  of  the  Theropoda. 
Cope's  type  of  Lcelaps  trihedrodon  and  of  Hypsirophtis  discurus  were  also 
collected  at  this  locality.  The  former  of  these  is  certainly  a  therapod ; 
the  position  of  the  latter  is  uncertain. 

CHABACTBRS  OF  THB  OBt/VB  CAUARABAVRV8 

The  results  of  the  investigations  described  above  include  determina- 
tions of  the  generic  characters  of  Camarasaurus  and  Ampkiccelias,  so  far 
as  tliese  characters  are  determinable  from  the  material  in  the  collec- 
tion. The  genus  CamaTasav.rus  is  characterized  by  massive  proportions. 
Throughout  the  skeleton,  with  the  single  exception  of  the  ischium,  the 
bones  are  stoutly  constructed. 

The  cervical  vertebne  have  divided  spines;  otherwise  they  are  not  char- 
acteristic. They  resemble  very  closely  the  oervicals  of  ApalosauTus  (syn. 
Brontosaurua) . 

The  dorsal  vertebra  are  characteristic.  In  addition  to  their  general 
stoutness,  the  dorsals  possess  a  number  of  iiagnostic  characters.  The 
spines  are  low  and  broad.  They  possess  a  distinct  type  of  lamination  of 
their  own,  somewhat  diiTerent  from  that  of  any  of  the  other  sauropod 
frcnera.  The  spines  of  the  anterior  dorsals  are  divided  as  in  Apalosaurua 
and  Diplodocus,  and  the  posterior  dorsal  spines  are  single,  as  in  those 
genera.  There  is  a  gradual  transition  from  completely  divided  spines  to 
single  spines,  however,  contrasting  with  the  relatively  abrupt  change  in 
Apatomurus.  The  spine  of  dorsal  7  is  single  or  very  slightly  notched  in 
Camaramums,  whereas  in  the  column  of  Diplodocus  the  division  persists, 
to  an  appreciable  extent,  as  far  hack  as  dorsal  9, 

The  zygapophyaes  are  large.    In  the  anterior  dorsal  region  they  are  far 
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apart.  They  are  first  noted  in  the  eeriea  jn  tixe  articnlation  of  dorsal  3 
with  dorsal  4. 

The  diapophjsec,  especially  in  the  anterior  region,  are  long.  The  pars- 
pophyses  are  Iot  in  poBition  in  the  first  three  dorsals,  posterior  to  which 
they  are  situated  at  a  constant  level. 

The  dorsal  centra  are  all  of  medium  length,  the  anterior  ones  being 
little  longer  than  those  nearer  the  sacrum.  All  of  them  are  distiiitlly 
opisthoccelouB,  contrasting  with  Apatosaurus  &ad' Diplodocus,  in  which 
there  is  an  abrupt  change  from  strongly  opisthoccelous  anterior  dorsal 
centra  to  distinctly  platycoelous  centra  farther  back. 

The  sacrum  is  characterized  by  short  spines  and  by  a  tendency  toward 
retardation  in  the  inclusion  of  the  vertebra  immediately  posterior  to 
dorsal  10  in  the  sacrum  itself  as  a  functional  dorsosacral. 

The  caudal  series  is  distinguished  from  those  of  othor  sauropod  genera 
by  its  short  spines  with  expanded  summits,  the  relatively  slight  develop- 
ment of  the  caudal  ribs,  and  probably,  but  not  certainly,  by  the  absence 
of  a  distal  whip-lash. 

The  scapula  is  large  and  massive.  It  is  expanded  at  both  ends.  The 
coracoid  is  subcircular  in  outline ;  it  is  more  distinctly  rounded  than  that 
of  Apatosaurus,  but  less  so  than  that  of  Diplodocus. 

The  fore  limb  is  not  especially  characteristic  except  in  small  detaits- 
It  resembles  that  of  Apatosaurus. 

The  ischium  ia  one  of  the  characteristic  bones  of  the  genus.  I»  con- 
trast with  the  rest  of  the  skeleton,  it  is  slender  in  form  and  has  a  ioog 
shaft,  differing  in  regard  to  the  latter  character  from  .Apatosaurus  and 
Diplodocus.  The  pubis  is  very  massive.  It  i%  somewhat  more  angular  in 
outline  than  that  of  Apatosaurus,  and  its  median  border  involves  a  greater 
degree  of  twisting. 

The  vertebral  formula  is  not  definitely  known.  It  is  probably  slightly 
variable.  As  interpreted,  it  is:  cervieals,  13;  dorsals,  10;  sacrum,  5 
(dorsosacral  +  3  primary,  sacral b  +  caudosacrals) ;  caudals,  53.  An- 
other interpretation  is:  cervieals,  13;  dorsals,  10;  sacrum,  4  (3  primary 
sacrals  +  caudosacral) ;  caudals,  53. 

SVNOXYUr  Vf  CAMARAKAURUS  COPE  AND  ilOROBAVRVS  UAB8B 

In  1898  the  synonymy  of  Morosaurus  Marsh  with  Camarasaurus  Cope 
was  suggested  by  Osbom*;  in  1902  this  view  was  favored  by  Riggs';  in 

■  Henry  Fnlradd  0»bom :  Addltlgnal  characters  ol  the  great  berblToroua  diDouut, 
famarataumt.     Bull.  Amer.  Mus.  Nat.  Hial.,  vol.  x,  art.  xll,  June  4,  18SS,  pp.  219-233. 

•  Elmer  S.  RIbsb  :  The  fore  legs  and  pectoral  girdle  of  Voroiouriii;  with  a  note  on  O* 
genua  Cttmarofaurua.  Field  Col.  Mua.  Pub,  83,  Geol.  Set.,  vol.  I.  do.  10.  October.  IMlr 
pp.  2T5-281,  pla,  »1.  xll,  xlU. 
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1914  it  was  defimteLy  adopted  by  Mook.'*  At  present  Morosaurus  ia  con- 
sidered to  be  a  synonym  of  Camarasaurus,  Cope's  ienn  having  priori^ 
and  therefore  being  valid. 

The  basis  for  this  conclueiou  is  the  following  group  of  facts:  both  are 
massive  in  proportions,  thoogti  difFerent  in  size;  both  the  remains  of 
Camarasaurus  herein  described  and  those  of  the  type  specimens  of  Marsh's 
various  species  of  Morosauras  have  similar  outlines  to  the  bones  of  the 
skull,  80  far  OS  these  are  available  for  compariBon ;  the  teeth  are  likewise 
fiimilar;  the  cervical  vertebrte,  especially  the  axis,  are  practically  identical 
in  form;  the  dorsal  vertebriB  have  similar  outlines  and  proportions  and 
are  composed  of  essentially  the  same  laminar  elements  and  cavities  j  they 
have  short  spines,  the  division  of  the  spines  is  similar,  and  the  centra 
exhibit  the  same  kind  of  opisthocoelous  articulations ;  the  sacrum  in  each 
possesses  short  spines  of  similar  form  and  composition;  also  a  tendency 
toward  retardation  in  the  tnclusion  of  the  dorsosacrol  in  the  sacrum ;  the 
caudal  vertebne  have  similar  spines,  similar  centra,  and  similar  slightly 
retarded  development  of  caudal  ribs ;  the  scapula  and  coracoid  arc  almost 
identical  in  outline  and  arrangement  of  parts;  the  ischia  are  slender,  both 
actually  and  in  proportion  to  the  other  parts  of  the  skeleton,  having  little 
resemblance  to  other  opisthocoelous  ischia;  the  pubes  are  very  angular  in 
outline  and  exhibit  a  simiUr  form  of  twisting  on  the  median  borders ;  the 
limb-bone  proportions  are  similar,  so  far  as  direct  comparison  is  possible. 

The  difference  in  size  between  the  Camarasaurus  remains  now  described 
and  those  of  the  Marsh  species  is  largely  due  to  age  distinctions. 

OBARACTBRa  OP  THE   OBNUa  AUPB10(BLIA.a 

Amphicalias  is  more  slender  than  Camarasaurus;  its  remains  resemble 
those  of  Diplodacue,  but  are  somewhat  larger  than  any  known  Diplodocus 
and  are  somewhat  more  strongly  constructed. 

The  anterior  dorsal  vertebrse  possess  divided  spines ;  the  spines  of  those 
near  the  sacrum  are  single.  The  latter  possess  double  pre-  and  post-spinal 
lamins.  The  posterior  dorsal  centra  are  pla^ccelous  to  amphiccelous, 
contrasting  with  liie  opisthoccelous  centra  of  the  posterior  dorsal  vertehns 
of  CamaragoMrua.    The  femur  is  long  and  slender. 

The  following  characters  are  inferred  from  material  provisionally  re- 
ferred to  the  genus :  scapula  very  large,  resembling  that  of  Diplodocua  in 
outline,  but  miicb  more  massive;  the  angle  between  the  longitudinal  axis 
and  the  axis  connecting  the  anterior  and  posterior  inferior  processes  Is 
oblique  as  in  Diplodocus.    The  coracoid  resembles  that  of  Diplodocus  in 
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having  its  anteroposterior  diameter  much  greater  than  its  vertical  one; 
however,  it  is  much  larger,  and  especially  macb  thicker  than  an;  knon 
Dipladocus  coracoid.  The  ulna  ia  long  and  relatively  slender,  thongb 
actually  stout. 

The  pubis  ia  very  long;  it  is  longer  and  more  slender  than  that  of 
CamarasoMrvs  and  larger  and  more  robust  than  that  of  Diplodoau. 

If  the  inferred  characters  are  correct,  Amphicalias  baa  advanced  far- 
ther in  the  process  of  elongation  of  the  fore  limbe  than  DiplodocM. 
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The  Abea  studied 

Eturing  the  last  four  years  of  war  the  Bntish  military  base  in  France 
has  included  practically  all  the  seaports  from  Calais  to  Le  Havre,  and 
the  roughly  triangular  area  between  this  coast  and  the  part  of  the  front 
held  by  them  was  traversed  by  their  lines  of  communication  and  occu- 
pied by  base  depota,  training  camps,  hospitals,  rest  camps,  railway  con- 
struction troops,  and  other  auxiliary  forces  to  an  extent  which  involved 
t  very  large  temporary  increase  in  its  normal  population.  It  is  nearly 
all  underlain  by  the  chalk  formation,  with  the  exception  of  Jurassic  areas 
wound  Boulogne  and  to  the  southwest  of  Amiens,  a  Tertiary  area  which 
coTera  the  Belgian  part  of  the  front  and  extends  nearly  as  far  west  ad 
Calais,  and  another  between  the  Somme  and  Canche  rivers  to  the  nortii  of 
Amiens.  To  the  south  of  the  line  of  highlands  which  runs  southeagt- 
»»rdly  from  Cape  Oris  Nez  the  rivers  follow  a  northwesterly  course  to 
the  sea,  and  are,  in  order  from  north  to  south,  the  Liane,  which  reaches 
the  sea  at  Boulogne;  the  Canche  (at  fltaples),  the  Autbie,  the  Somme 

'Botend  In  the  progrUD  o(  the  meetlDg  as  "Sabt«rrBiieaD  chalk -BtreamB  at  uortbem 
rr«n(»." 
■Bolted  maooKtlpt  racclTCd  b;  the  Secretary  o(  the  Soeletr  lannary  IS,  1619. 

(880) 
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(at  Abbeville),   the   Br&le    (at  Le   Tr6port),   and   the   B^thune    (at 

Dieppe).  The  Seine  forme  the  southern  boundary  of  the  area  under 
consideration  from  Le  Havre  to  Rouen,  after  which  its  margin  may  be 
taken  as  extending  eaetwardly  to  the  neighborhood  of  Soissons.  The 
eketch-map  which  accompanies  this  article  will  eerwe  to  indicate  the  pro- 
portion of  this  area  which  is  underlain  by  the  chalk  and  to  give  soine 
idea  of  its  drainage  system. 


FiauBi  1. — Hap  ot  Harlftem  France 
ShowluB  dlMrctlon  o(  tbe  "chalk  torinatloiu." 

The  RivEHS  of  the  Reoion  and  their  Action 

The  main  rivers  occupy  mature  valleys  floored  with  alluvium  during 
the  greater  part  of  their  courses,  and  the  interstream  uplands,  in  most 
cases,  have  level  tops,  where  they  are  at  all  extensive,  with  easily  flowiiifr 
weather  curves  on  their  sides,  due  to  the  softness  and  solubility  of  the 
underlying  chalk.    These  flowing  curves  are,  however,  often  interrupted 
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by  B  aeries  of  scarps,  to  be  described  later.  The  covering  of  soil  over  tlie 
chalk  of  the  uplands  is  in  general  only  a  few  feet  in  depth,  except  where 
it  consists  of  the  wind-blown  sands  of  the  coastal  belt  or,  ia  exceptional 
localities,  of  Tertiary  and  other  thicker  depOBits.  The  chalk  itself  has 
afforded  easy  passage  to  percolating  waters  from  a  time  early  in  its  his- 
tory. Possibly  due  to  shrinkage  in  the  process  of  hardening  after  dep- 
osition, it  is  traversed  in  all  directions  by  numerous  joints,  which  with 
well-marked  bedding  planes  divide  it  into  blocks  which  are  seldom  of 
large  size.  Th^  writer  does  not  remember  seeing  a  block  equal  to  a  two- 
foot  cube  at  any  time,  and  joint  blocks  of  lesa  than  a  foot  in  dimensions 
are  much  the  most  usual.  While  the  chalk  itself  ia  very  absorptive,  being 
capable  of  retaining  water  up  to  about  30  per  cent  of  Ite  bulk  when  dry, 
it  holds  this  water  very  tenaciously  and  is  not  easily  permeable  except 
along  bedding  planes  and  other  fissures.  Along  these  numerous  crevices 
ground-waters  charged  with  silica  in  solution  found  their  way,  probably 
while  the  formation  was  still  submerged  in  the  sea,  when  bedding  planes 
and  probably  joints  had  already  been  formed,  certainly  before  it  had  been 
elevated  to  its  present  position  or  dissected  by  erosion,  and  while  still 
below  the  ground-water  level.  The  silica  was  likely  derived  from  the 
surface  material  (including  chalk)  removed  during  the  first  cycle  of 
erosion  following  emergence,  or  even  later,  or  possibly  from  ground-waters 
under  "head"  which  entered  the  chalk  from  underlying  sands  or  percolated 
tlirough  it  from  parts  exposed  on  shore  before  complete  emergence. 
J.  Smith  Flett'  holds  that  the  origin  of  the  silica  was  siliceous  organisms 
deposited  with  the  chalk,  which  were  dissolved  within  the  substance  of  the 
chalk  (how,  he  does  not  say)  and  filtered  through  the  "porous  medium" 
to  the  fissures,  where  changed  conditions  caused  the  precipitation  of  the 
silica.  He  describes  the  process  as  "metasomatic"  and  also  as  "concre- 
tionary" and  posits  a  long  time  for  its  accomplishment.  This  theory  of 
the  origin  of  the  silica  is  based  on  the  ascertained  presence  of  siliceous 
sponge  spicules  in  the  flints  and  on  the  facta  that  some  fossil  sponges 
occur,  and  that  the  largff  flints  called  potstones  are  often  shaped  tike  a 
species  of  gigantic  sponge,  Spongia  -patera,  now  living  in  the  seas  of 
Sumatra,  The  presence  of  diatoms  is  also  thought  probable.  The  flints 
can  only  rarely  be  shown  to  be  fossil  sponges,  and  if  they  were  must  have 
involved  the  addition  of  much  more  silica  to  the  original  skeleton. 
Moreover,  the  fissures,  and  not  the  presence  of  dead  sponges,  etcetera, 
determine  the  location  of  flints.  They  in  general  show  no  organic  struc- 
tnre,  whereas  the  calcareous  shells  replaced  by  flint  are  recognizable  in 
detail.  The  presence  of  undissolved  spicules  may  be  also  regarded  as 
•  Sm  niDt  Bocrelopcdla  BrItaiiDica,  elevratb  ntltlon. 
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evidence  against  the  Buppositioo  of  the  solution  of  large  quantities  of 
them  in  the  chalk  and  their  redeposition  ae  chalcedony.  They  conBist  of 
colloidal  silica,  which  ie  not  readily  soluble  in  the  presence  of  electrolji** 
such  as  dissolved  chalk,  salt  from  aea-water,  and  the  products  of  their 
reaction  (2NaCl  +  CaCO,  X  Na.CO,  +  CaCl,).  Insoluble  silica,  on 
the  other  hand,  as  well  as  silicates  such  as  clay,  are  rendered  soluble  l)y 
the  presence  of  NtijCOg,  and  may  be  redepoaited  as  colloidal  silicic  acid 
by  treatment  with  HCI,  which  is  probably  present  in  the  flseures,  as 
shown  elsewhere  in  this  paper.  This  colloidal  silica  as  it  dries  changes 
slowly  back  to  insoluble  silica,  and  if  we  suppose  this  process  to  have 
proceeded  slowly  to  partial  completion,  giving  time  for  crystallizatioii  ol 
the  silica,  the  chalccdonic  condition  of  the  flints,  foimed  partly  of  fibrous 
crystals  and  to  a  less  extent  of  colloidal  silica,  is  satisfactorily  explained. 
This  also  explains  the  presence  in  flints  of  small  quantities  of  alumina, 
magnesia,  and  iron  and  the  slight  dolomitization  of  the  included  chalk. 
These  circulating  waters  were,  therefore,  undoubtedly  responsible  for 
the  deposition  of  the  flint  nodules  which  occur  so '  abundantly  along  the 
bedding  planes  and  also  between  them,  but  almost  invariably  along  the 
joints  or  other  Assures,  so  far  as  the  writer's  observation  goes  end  ns 
English  authorities  agree. 

Theort  of  Formation  of  Flint  Nodules 

The  theory  has  been  held  that  these  flint  nodules  were  due  to  concry- 
tionary  or  gravitational  aggregation  of  siliceous  sponge  spicules,  radiola- 
rian  tests,  or  other  siliceous  matters  deposited  at  the  same  time  as  tho 
chalk  or  alternately  with  it;*  but  this  theory  seems  quite  doubtful  for 
several  reasons : 

(1)  The  platelike  and  roughly  cylindrical  shapes  of  many  flints  show 
that  they  have  been  deposited  in  enlarged  joint  cracks  or  in  passages  worn 
by  solution  along  the  line  of  intersection  of  two  joints  or  joint  and 
bedding  planes.  Some  tabular  forms  assume  the  dimensions  of  veins.  Morp 
irregular  shapes  are  often  referable  to  the  formation  of  chambers  bv 
solution  where  a  close  congeries  of  cracks  has  comminuted  the  chalk  and 
rendered  solution  more  rapid.  The  cylindrical  flints  referred  to  are 
those  which  are  popularly  known  as  "fossil  bones."  •  Like  other  flini?. 
they  are  occasionally  hollow,  and  this  suggests  that  they  are  formed  by 
the  iilling  of  a  previously  formed  cavity  rather  than  the  usual  radial 
growth  of  concretions  by  crystallization  which  originates  round  a  rcntnd 

*  A  view  held  bj  Buckland  and  r.j-eU.  Sep  LyeU'a  "Elementa  of  On>Iob7."  P«Be  SS' 
el  atg.,  for  a  combination  of  dppoaltlonal  and  concretlonar;  bypotheaea.  and  also  u  lo 
source  of  alllca  and  origin  of  potatooeB. 

'  As  to  forms  of  IUqIb  and  relation  to  flsaurea.  see  article  by  J.  Smltb  Flett.  enlltltd 
"Fllnl."  Encj-elopedln  BrltaDDlca.  elecenlb  edlllon. 
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nucleus.  While  the  process  was  probably  metaflomatic  m  the  seDse  that 
the  solution  of  tbe  chalk  iovoWed  the  depositioQ  of  the  silica,  it  does  not 
necessarily  follow  that  the  deposition  of  the  silica  in  any  ^ven  flint  was 
the  result  of  the  solution  of  the  very  chalk  which  that  flint  replaced. 
The  fact  that  such  crystallization  as  has  taken  place  in  the  flint  appears 
to  hare  been  sabseqaent  to  its  coagulation  as  colloidal  silica  militates 
against  the  idea  that  the  silica  was  drawn  from  the  surroundiog  chalk 
by  crystalline  attraction  and  that  the  cavity  was  formed  by  the  pressure  of 
crystal  growth.  The  transition  from  flint  to  chalk  in  the  outer  part  of 
the  flints  appears  much  like  the  result  of  an  absorption  of  the  siliceous 
solution  from  the  cavity  into  it«  walls  and  is  certainly  not  due  to  the 
extension  of  crystal  fibers  Uirough  the  chalk. 

(2)  The  fossil  sea-urchins  which  occur  in  the  chalk,  and  were,  of 
course,  originally  composed  of  calcium  carbonate,  are  now  for  the  most 
part  replaced  by  flint,  though  some  are  still  calcareous.  The  silicifled 
examples  are  sometimes  free,  but  often  embedded  in  other  flints,  of  which, 
however,  they  do  not  seem  to  have  been  the  original  nuclei.  This  seems 
to  prove  that  the  siliciflcation  of  the  fossib  took  place  much  later  than 
the  original  deposition  and  subsequent  to  the  formation  of  joints,  bedding 
planes,  and  other  cracks,  and  was  a  part  of  the  process  which  produced 
the  other  flint  nodules,  tabuhe,  and  veins. 

The  siliciflcation  of  the  fossils  does  not  seem  to  have  been  a  slow  proce^-s 
of  molecular  replacement,  since  the  details  of  the  shells  are  only  roughly 
preserved.  This  would  point  to  replacement  by  deposition  from  moving 
waters  by  a  more  rapid  process.  As  many  sea-urchins  whCe  silicifled  on 
the  surface  remain  chalky  in  the  center,  it  seems  clear  that  their  siliciflca- 
tion was  accomplished  by  material  supplied  from  outeide,  applied  by 
percolation  of  solutions  along  the  plane  separating  their  teats  from  the 
surrounding  chalk.  It  is  believed  that  these  solutions  reached  the  surface 
of  the  fossils  from  cracks  in  the  rock  which  were  situated  close  to  their 
surfaces,  and  this  would  account  for  the  siliciflcation  of  some  fossils  and 
not  of  others.  It  would  apply  to  sponges  also.  The  idea  that  these 
acted  as  concretionary  centers  in  the  ordinary  sense  seems  to  have 
little  foundation  as  regards  the  majority  of  flints.  Acids  produced  by 
the  decay  of  animal  tissues  may  well  have  played  a  part  in  the  deposition 
while  being  circulated  through  the  fissures,  as  well  as  in  the  immediate 
vicinity  of  the  remains,  by  assisting  in  the  production  of  hydrochloric  acid. 

Source  of  the  Silica 

The  source  from  which  the  flint  depositing  waters  obtained  their  silica 
can  hardly  have  been  siliceous  spicules  or  tests  deposited  with  the  chalk. 
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since  the  chalk  is  itself  much  the  more  soluble;  and  in  fact  the  depositiou 
of  the  flint  was  probably  due  in  part  to  the  fact  that  the  silica-ladeo 
water  had  reached  supersaturation  on  coming  into  contact  vith  tb;? 
more  soluble  chalk,  when  the  least  soluble  of  the  solutes  would  be  depositel 
as  colloidal  silica  and  its  coagulation  aided  by  the  sodium  carbonate.  The 
writer  ventures  this  as  a  suggestion  in  face  of  a  considerable  weight  of 
authority  for  a  concretionary  theory  by  which  siliceous  teste  and  spicules 
in  the  chalk  are  thought  to  be  the  source  of  the  sihca.  This  seems  to  the 
writer  to  fall  in  accounting  for  the  removal  of  the  dissolved  chalk  which 
was  metaeomatically  replaced  by  the  silica.  If  the  silica  came  out  of 
the  joint-blocks  of  chalk,  the  replaced  chalk  must  have  penetrated  into 
them  or  been  carried  off  through  the  fissures  by  moving  waters.  Such  an 
exchange  of  molecules  between  points  separated  by  some  distances  as  the 
first  hypothesis  supposes  must  be  made  to  depend  entirely  on  the  forces 
of  diffusion  and  molecular  segregation  acting  in  a  substance  which  was 
already  compact  and  solid  enough  to  support  crevices  under  considerable 
pressure  of  superincumbent  rock.  The  waters  through  which  these  fon'e# 
could  act  must  have  been  stationary  and  the  theory  does  not  account  for 
the  presence  of  organic  matter  in  the  flint.  On  the  other  hand,  it  is 
easy  to  suppose  that  meteoric  waters  percolating  througli  fissures  might 
introduce  organic  matter  into  them  and  would  also  be  charged  with 
enough  carbon  dioxide  to  render  the  chalk  easily  soluble.  If  carbonii; 
acid  were  wanting,  ito  production  might  easily  be  accounted  for  by  the 
presence  of  other  acids  along  with  the  silica,  especially  in  the  presenr? 
of  sodium  chloride,  with  which  the  chalk  must  have  been  charged  at  the 
time  of  its  deposition.  A  small  amount  of  hydrosulphuric  or  sulphuric 
acid  would  be  sufficient,  while  the  presence  of  humous  acids  must  be 
posited.    The  reaction  would  then  be 

H,S  +  8NaCl  =  SHCl  +  Tfa^S 
2HC1  +  CaCO,  =  CaCl,  +  H,00, 
or  perhaps  more  directly 

H,S  +  CaCO,  =  H,00,  +  CaS. 

1  Ground- WATER 

This  discussion  as  to  the  origin  of  the  flinte  may  serve  a  further  pur- 
pose, in  view  of  the  conditions  which  undoubtedly  prevail  at  present  as 
to  the  passage  of  meteoric  waters  through  the  fissures  of  the  chalk,  which 
takes  place  with  great  freedom,  and  also  in  view  of  the  presence  of  carbon 
dioxide,  which  is  commonly   found  in  tunnels  and  other  excavatiom'. 
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The  connection  between  the  existence  of  fissures  and  the  formation  of 
flints  is  further  rendered  clear  by  the  fact  that  the  middle  and  lower 
chalk,  which  conBieta  mainly  of  much  more  compact,  often  sandy,  glau- 
conitic,  or  marly  beds,  has  fewer  or  no  flints,  though  it  contains  phoe- 
phatic  concretionary  nodules. 

Owing  to  the  free  passage  which  the  formation  offers  to  rainfall,  the 
ground-water  level  in  the  chalk  hills  is  very  low,  often  little  if  at  all  above 
the  neighboring  valleys.  The  writer  was  familiar  with  one  village  well 
on  an  upland  which  was  67  meters  in  depth.  For  the  same  reason  tun- 
neling through  the  chalk  hills  presents  very  little  difSculty  in  the  matter 
of  drainage,  though  the  presence  of  the  gas  already  mentioned  is  some- 
times troublesome  and  the  abundance  of  joints  and  cracks  renders  the 
roof  somewhat  unsafe  and  timbering  necessary  in  the  Upper  Chalk. 
On  account  of  the  extensive  tunneling  operations  carried  out  during  the 
war,  this  item  of  expense  must  have  been  a  large  one.  The  softness  of 
the  rock,  on  the  other  hand,  facilitates  such  work  to  an  extent  which 
probably  more  than  counterbalances  this  expense  as  compared  with  rocks 
strong  enough  to  require  no  timbering. 

Underground  Streams 

Another  phenomenon  due  to  the  permeabilitfy  and  solubility  of  the 
chalk  consists  in  well  defined  dry  valleys  which  intersect  the  chalk  hills. 
Some  of  these  open  on  the  sea  and  others  upon  the  valleys  of  the  larger 
rivers.     Their  general  plan  and  pattern  is  that  of  valleys  of  erosionul 


"•^  — "— "  Le^^l  of  streoiB- cutting  and  of  g>wind«irt»r 

@^  Soil  (or  Kind -blown -sand) 

FiODiE  2. — DiatiramtneUc  Bectlon  of  Chalk  Valley  and  lublerrancan  Sfreom 

and  not  structural  origin.  They  have  in  general  flat  floors,  at  least  in 
the  lower  part  of  their  courses,  and  the  plan  of  the  valley  presents  tlie 
usual  sinuous  shapes,  with  branching  tributaries  common  to  stream-cut 
valleys,  a  difference  being  that  their  heads  are  rounded  depressions  in 
the  chalk  uplands  rather  than  V-shaped  ravines.  While  destitute  of  sur- 
face streams,  their  floors  are  marked  by  oblong  "grahen"-like  depressions 
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whose  longeet  axes  are  in  general  parallel  with  the  valley,  and  which 
may  well  be  formed  by  the  falling  in  of  tite  roo&  of  open  subterranean 
channels  or  caveme.  The  sloping  valley  walb  are  frequently  intermptcJ 
by  scarps,  which  also  run  parallel  to  the  valley  and  of  which  there  may 
be  two  or  more,  one  above  the  other,  on  the  slope,  obviously  indicating  a 
slipping  down  of  masses  of  chalk  toward  the  valley  bottom.  WeUs  sunit 
near  or  in  line  with  the  graben  encounter  a  strong  flow  of  water  at  shal- 
low depths,  and  the  water  supply  of  many  of  the  towns  of  this  re^on  is 
drawn  from  what  appear  to  be  subterranean  streams.  The  water  is  in 
general  of  very  good  quality,  though  "hard,"  owing  to  its  filtration  through 
the  chalk.  At  Staples,  before  the  war,  a  pumping  station  in  a  valli^y 
only  a  few  miles  in  length  had  furnished  the  water  supply  for  Staples, 
Le  Touquet,  and  Paris  Plage,  with  a  total  population  of  six  or  eight 
thousand.  On  the  establishment  of  large  base  and  hospital  camps  in 
the  neighborhood,  this  supply  was  found  sufficient  for  more  than  ten 
times  as  many  people,  with  some  enlargement  of  the  pumping  plant. 

Development  of  the  Valleys 

The  question  of  the  development  of  these  valleys  has  some  features  of 
interest  At  Stretat  such  a  valley  debouches  at  the  coast,  flanked  bv 
chalk  cliffs  on  either  side.  At  low  water  the  stream  can  be  seen  emergin(f 
and  flowing  into  the  sea  through  the  flint-pebhled  beach  at  a  point  under 
the  cliff  on  the  south  side  of  the  valley  mouth.  This  is  not  a  mere  dif- 
fused seepage,  but  a  rapid  flow,  definitely  limited  laterally,  with  a  widtli 
of  about  twenty  feet.  Farther  up  the  valley  it  appears  to  be  toward  the 
northern  aide,  under  the  valley  floor,  where  the  pumping  station  is  situ- 
ated. The  stream  near  Staples  also  meanders  across  its  valley,  as  evi- 
denced by  the  depressions  already  described,  which  are  found  on  opposit-^ 
sides  of  the  valley  at  intervals  along  it£  length  and  may  be  as  stated 
formed  by  the  falling  in  of  parts  of  the  roof  of  the  subterranean  channel. 
The  scarps  seem  sometimes  to  be  so  placed  as  to  leave  the  impression  that 
they  have  been  caused  by  the  cutting  nf  a  subterranean  meander,  whitii 
may  extend,  as  above  described,  under  the  bank,  and  tends  to  travel  in  a 
down-stream  direction  much  as  do  those  of  surface  streams. 

The  surface  run-off  carries  the  soil  overlying  the  chalk  down  the  side- 
of  the  valley  and  spreads  it  over  the  valley  floor.  This  deposit  is  thickest 
near  the  lower  end  of  the  valley,  and  here  a  small  surface  stream  may  he 
formed  which  flows  entirely  over  this  alluvium  and  is  quite  distinct  from 
the  main  stream  beneath. 

In  a  country  where  intensive  cultivation  pollutes  the  surface  streamv 
the  presence  of  these  subterranean  supplies  of  chalk-filtered  water  ia  in- 
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deed  a  fortunate  circumstance,  especially  under  such  conditions  as  those 
of  the  late  war. 

The  writer's  theory  as  to  the  history  of  such  streams  is  that  in  the 
early  stages  of  the  development  of  the  present  drainage  system  their  loca- 
tion was  determined,  like  that  of  other  surface  streams  (ae  they  then 
wbk),  by  the  general  slope  of  the  country  and  irregularities  of  surface 
due  to  Blight  folding  during  uplift,  and  other  causes. 

The  streama,  having  cut  through  the  superficial  soil  or  drift,  would 
continue  to  deepen  their  valleys  through  the  chalk  in  the  ordinary  way 
unless  the  ground-water  level  in  the  chalk  were  much  helow  the  hottoms 
uf  the  streams.  If  such  were  the  case,  there  is  no  doubt  that  the  smaller 
Dtreams  would  be  absorbed  by  seepage  through  the  chalk  and  descend 
until  they  encountered  the  surface  of  the  water-table  beneath.  Ezperi- 
mental  demonstration  of  this  contention  was  furnished  during  the  war  by 
the  efficiency  of  sumps  cut  into  the  chalk  in  disposing  of  surface  drainage 
of  camps,  trenches,  etcetera,  by  seepage.  Having  reached  the  surface  of 
the  water-table,  the  stream  would  no  doubt  tend  somewhat  to  coalesce 
with  it  and  spread  out  over  it;  but,  the  descending  volume  here  being 
iQQch  greater  than  the  seepage  from  the  surrounding  country  {from  the 
surface  run-off  of  which  the  stream  is  formed),  the  surface  of  the  water- 
table  along  the  locus  of  the  stream  would  tend  to  be  kept  at  a  higher 
level  than  on  either  side.  The  water-table  dips  toward  the  outlet  of  the 
Biirface  streams ;  hence  the  waters  of  this  elevated  ridge  or  mound,  espe- 
cially at  its  downstream  end,  in  seeking  their  level  would  flow  much  more 
quickly  and  exercise  their  solvent  power  more  rapidly  along  the  line  of 
that  dip  than  in  other  directions — that  is,  tiie  main  movement  would  be 
parallel  to  the  original  flow  of  the  surface  stream.  As  the  fissures  were 
more  rapidly  enlarged  along  this  axis,  they  would  afford  the  easiest  outlet 
for  an  increasingly  greater  proportion  of  the  descending  volume  until  an 
open  channel  was  formed  sufficient  to  accommodate  most  of  it.  As  this 
channel  deepens  by  erosion  of  its  floor  the  surface  of  the  water  in  it 
would  sink  until,  like  that  of  a  surface  stream,  it  became  the  lowest' part 
nf  the  surrounding  water-table,  and  the  relations  of  the  underground 
stream  to  the  water-table  on  either  side  would  be  similar  also  in  other 
respects  to  those  of  ordinary  streams.  The  motion  of  ground-water 
would  now  be  toward  the  stream  and  downstream,  instead  of  away  from 
the  stream  axis  and  downstream.  The  foregoing  argument  is  based  on 
the  assumption  that  the  Assuring  of  the  chalk  permits  the  passage  of 
water  with  equal  facility  in  all  directions,  and  this  seems  borne  out  by 
facts  of  observation. 

As  the  ground-water  surface  would  be  lowest  near  the  seacoast  or  the 
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valley  to  which  the  Btream  was  tributary,  the  disappearance  of  the  stream 
from  the  surface  would  commence  in  the  lowest  part  of  its  course.  Onit 
established  here,  the  underground  channel  would  be  extended  headvard 
by  the  rapid  flow  of  water  into  its  head  so  long  as  the  stream  continue-1 
to  be  absorbed  by  the  fissures  of  the  chalk.  This  would  in  turn  lownr 
the  ground-water  level  farther  upstream  and  establish  the  conditions 
already  described. 

Relations  of  the  Stbeaus  to  tiie  Wateb-table 

The  relations  of  streams  which  flow  over  the  chalk  to  the  water-lable 
is  indeed  somewhat  exceptional,  since  they  are  said  seldom  to  flood, 
owing  to  the  ready  absorption  of  the  surplus  surface  run-oif  into  the 
water-table  on  either  side  of  the  stream  through  the  interstices  of  thi> 
chalk. 

•  When  the  stream  had  got  down  to  grade  throughout  its  course,  tli; 
process  of  deepening  the  dry  valley  above  it  by  gradual  sinking  in  of  the 
roof  of  the  channel  and  its  removal  by  solution  would  continue  until 
possibly  the  whole  of  it  would  be  removed  and  the  stream  appear  on  t\v^ 
surface  again.  No  case  of  this  sort  was  observed  by  the  writer,  however, 
but  parallel  instances  will  easily  suggest  themselves  from  other  lime- 
stone regions. 

The  tendency  to  meander  probably  depends  generally  on  the  same 
causes  in  an  underground  as  in  a  surface  stream,  but  the  possibility  of 
diversion  by  heavy  falls  of  the  roof  must  also  be  taken  into  consideration. 
In  either  case  the  meandering  would  result  in  the  removal  of  a  horizontal  . 
layer,  producing  a  flat-bottomed  valley,  and  in  either  case  this  maturity 
would  begin  in  the  lower  part  of  the  stream's  course  and  extend  upstream. 
Meandering  is  probably  more  pronounced  in  chalk  than  in  harder  lime- 
ftones,  and  for  this  reason  complete  unroofing  may  be  rarer  in  the  clialV. 

The  rapid  formation  and  recession  of  sea-cliffs  through  wave-action 
may  have  caused  the  adoption  of  a  subterranean  course  by  some  streams 
by  rapid  lowering  of  tiie  water-table  near  the  coast.  Instances  were  ob- 
served of  wells  near  the  coast  which  in  recent  years  have  gone  dry  from 
tJiis  cause.  The  larger  streams  would  deepen  their  valleys  fast  enough 
to  keep  pace  with  the  uplift  of  the  land,  thus  lowering  the  ground-*ater 
level  in  adjacent  uplands  and  compelling  their  tributaries  of  leas  erosional 
power  to  disappear  beneath  the  surface,  following  the  sinking  water-table. 
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iNTRODnCTION 

The  original  distinction  between  military  and  civil  engineering  haB 
gradnallj  lost  its  force,  in  no  small  measare  because  of  the  practical  inter- 
change of  military  and  civil  engineers  on  governmental  works  that  are 
wholly  civil  in  natnre.  The  record  of  the  graduate  of  West  Point  in 
river  and  harbor  improvement,  culminating  perhaps  in  the  construction 
of  the  Panama  Canal,  is  evidence  of  this  tendency.  In  recent  months, 
however,  any  line  of  separation  between  civil  and  military  engineers  has 
been  wholly  lost  sight  of  by  reason  of  the  military  contribution  of  civilian 
engineers  to  the  military  program,  which  has  been  so  largely  an  enginecr- 
*ing  program.  How  great  and  varied  that  contribntion  has  been  will 
doubtless  be  set  forth  in  some  presidential  address  before  one  of  the  great 
engineering  societies,  yet  this  meeting  of  the  Geological  Society  of  Amer- 
ica is  an  opportune  time  for  mention  of  one  phase  of  this  progress  of 
engineering. 

Growth  of  Civil  Enqineeriko 

The  growth  of  civil  engineering  during  the  last  centnry  has  followed 
the  description  of  the  objects  of  this  profession  given  by  Tredgold  in 
1828 :  "The  real  extent  to  which  it  may  he  applied  is  limited  only  by  the 
<  UUMUcrlpt  re»l*ed  b7  Hit  Secretary  ol  tbe  Society  December  2S,  1918. 
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progresB  of  science ;  its  scope  and  utility  will  be  increased  with  ever;  dis- 
covery in  philosophy,  and  its  resourceB  with  every  invention  in  mechan- 
ical or  chemical  art,  since  its  bonnda  are  unlimited,  and  eqnally  so  muBt 
be  the  researches  of  its  professors,"  Thus  ie  to  be  explained  the  great 
variety  of  engineers  included  in  the  large  membership  of  the  half  bcot« 
national  engineering  societies.  Even  in  the  civil  service  of  the  Qovern- 
ment,  in  the  scientific  bureaus  and  industrial  commissions  at  Washingtoo. 
there  are  many  varieties:  electrical  engineers  as  well  as  sanitary  engi- 
neers, construction  engineers  and  topographic  engineers,  testing  engi- 
neers and  mining  engineers,  chemical  engineers  and  hydraulic  engineers, 
geologic  engineers  and  naval  engineers.  The  membership  of  the  Wafb- 
ington  Society  of  Engineers  on  a  peace  basis  therefore  shoved  a  propor- 
tion of  about  38  civilian  engineers  to  one  military  engineer. 

Cooperation  with  Abhy  in  topoohaphic  StravBTS 

The  active  cooperation  of  the  United  States  Qeological  Survey  with  the 
United  States  Anny  in  topographic  mapping  was  formally  expressed  in 
an  agreement  under  date  of  October  11,  1911,  drawn  up  by  Colonel 
Boughton,  representing  the  War  College,  and  the  Director  of  the  Survey 
and  approved  by  Secretary  of  War  Oliver  and  Secretary  of  the  Interior 
Fisher.  The  collection  of  military  information  and  the  mapping  of 
selected  areas  under  this  arrangement  brought  the  field  men  of  the  Survey 
into  closer  touch  with  the  military  needs  of  the  Glovemment.  Early  in 
1914  the  army  authorities  made  an  informal  request  that  the  Geological 
Survey  should  hold  its  topographic  engineers  in  readiness  for  special 
service  under  direction  of  the  War  Department,  and  even  after  the  crisis 
of  that  date  passed  the  Survey's  field  assignments  in  part  were  made  with 
regard  to  availability  in  time  of  need.  There  was  also  formal  recognition 
in  the  interdepartment  correspondence  of  this  fact  that  a  civil  branch  of 
the  Government  engineering  service  could  be  regarded  as  a  reserve  corps, 
even  In  the  absence  of  any  specific  legislative  authority. 

The  Brooks  Memoranduh  on  Rebbrtb  Corps 

The  continued  discussion  with  the  officers  of  the  Army  War  CoUegf 
concerning  topographic  work,  however,  led  to  the  transmittal  in  May. 
1915,  of  a  memorandum  on  the  subject  of  a  reserve  corps  made  up  of  pro- 
fessional men  in  civil  service.  This  memorandum  was  prepared  by  Alfred 
H.  Brooks,  then  the  Chief  of  the  Alaskan  Division  of  the  Geological 
Survey  and  now  Lieutenant  Colonel  of  Engineers  and  Chief  Geologist  of 
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the  American  Expeditionary  Force.  As  I  then  remarked  to  General 
Macomb,  President  of  the  War  College,  Mr.  Brooke  not  only  spoke  from 
a  ripe  experience  in  administering  scientific  fieldwork,  but  as  the  eon  of  a 
volunteer  officer  in  the  Civil  War  he  had  a  pride  in  the  military  efficiency 
of  the  United  States  and  a  desire  to  see  the  civil  service  cooperate  with 
the  army. 

In  hiB  memorandum  Mr.  Brooks  snggested  the  organization  of  a  reserve 
corps  of  engineers  and  quartermasters  corresponding  t«  the  medical  re- 
serve corps  of  the  War  Department.  That  the  soggestion  was  both  oppor- 
tune and  meritorious  was  indicated  in  a  letter  from  General  Macomb, 
who  on  June  5,  1915,  wrote  to  me  that  the  letter  transmitting  the  "plan 
for  a  reserve  corps  of  professional  men  has  been  the  subject  of  study  here 
for  the  past  week,  and  I  believe  the  idea  is  going  to  have  a  much  wider 
application  than  Mr,  Brooks  indicated,"  While  General  Macomb  was  not 
at  liberty  to  state  the  details  of  recommendations  to  the  chief  of  staiT,  he 
continued :  "I  can  assure  you  that  we  are  all  interested  in  the  idea  and 
see  great  possibilities  in  the  plan  as  it  has  been  developed." 

A  few  extracts  from  Mr.  Brook's  memorandum  will  serve  to  outline  his 
plan  for  a  reserve  corps  so  far  as  it  related  to  the  engineers : 

"Many  of  tbe  OovprDiaent  ecientlQc  and  tecbnical  bureaus  Include  in  their 
m^mbershtp  a  larfce  number  of  bighly  trained  professional  men  whofie  ^>eclal 
kaowledge  might  be  of  great  value  in  time  of  war.  It  is  proposed  that  these 
Rhould  be  organized  Into  a  renerve  corps  to  snpplemeDt,  In  case  of  need,  tbe 
offlcera  of  tbe  regular  army.  .  .  .  There  are  over  EKM>  engineers  in  the  In- 
terior E>epartment  alone  and  probably  over  1,000  in  the  classified  civil  service. 
There  Hhonld  be  no  difficulty  In  selecting  from  these  several  hundred  men  who 
would,  with  Rome  training,  be  well  qualified  In  case  of  need  to  supplement  the 
Engineer  Corps  of  tbe  Army.  ...  In  case  of  emergency  they  could  be  used 
to  fill  the  subordinate  positions  and  would  be  available  at  any  time  at  short 
notice,  for  their  telegraphic  addresses  would  be  a  matter  of  record  In  the 
various  bureaus. 

"The  plan  here  proposed  of  forming  reserve  corps  of  engineers  and  quarier- 
masters  Involves  the  giving  of  some  special  Instruction  to  the  men  chosen. 
For  this  purpose  authority  would  have  to  be  asked,  but  as  practically  no  addi- 
tional *»penditures  would  be  Involved  it  would  probably  not  be  dlfflcolt  to 
ohtnin  the  necessary  legislation.  It  appears  that  what  would  be  required  Is 
(1)  aatborlty  tor  creating  such  reserve  corps  from  among  the  professional 
men  In  the  civil  service :  (2)  authority  to  have  Huch  men  detailed  for  a  cerialn 
ppriod  each  year  for  special  lustnietlons.    .    .    . 

"While  the  above  plan  necessitates  legislation  before  it  Is  put  Into  efTect,  It 
would  be  possible  to  make  a  start  without  congressional  action.  The  proposal 
Is  to  obtain  a  complete  roster  of  tbe  professional  men  in  the  civil  service  whose 
special  training  might  be  of  value  In  time  of  war.  Tbls  would  require  only 
an  expenditure  for  printing  and  clerical  work." 
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Seobetabt  Lane's  Offer 

In  April,  1916,  Secretary  Xione  submitted  to  the  Secretary  of  War  ui 
outline  of  the  services  that  could  be  rendered  by  the  engineers  m  the 
Department  of  the  Interior.  This  statement  included  mention  of  the 
geologists,  topographers,  hydraulic  engineers,  and  chemists  available  for 
immediate  service  and  emphasized  the  intimate  knowledge  of  the  United 
States  possessed  by  the  members  of  the  field  force,  from  vhom  coiild  be 
selected  men  vho  knew  by  experience  every  line  and  kind  of  transporta- 
tion for  most  areas  in  this  country.  Emphasis  was  placed  upon  the  fact 
that  the  wide  distribution  of  the  field  force  during  the  summer  would 
add  to  their  availability  in  an  emergency,  in  that  some  engineers  would 
probably  be  within  striking  distance  of  any  place  in  the  United  States 
where  their  services  were  needed  and  if  previously  enrolled  in  a  reserve 
corps  could  at  any  time  be  placed  under  orders  of  the  War  Department 
by  telegraph  and  could  report  wherever  needed  without  delay. 

The  National  Defense  Act  of  June  3,  1916,  authorized  the  organization 
of  a  corps  of  reserve  officers  not  only  for  arms  of  the  line,  but  also  for 
various  staff  corps  and  departmente,  and  the  War  Department,  in  a 
memorandum  dated  October  81,  discussed  several  steps  that  could  be 
taken  under  this  act  by  the  scientific  and  engineering  members  of  the 
Interior  Department.  The  War  Department  mentioned  first  the  "exceed- 
ingly valuable  aid"  it  had  received  for  a  number  of  years  past  in  the 
preparation  of  the  military  map  and  requested  the  continuation  of  this 
cooperation ;  also  aid  in  the  collection  of  military  information.  Regard- 
ing the  Officers'  Beserve  Corps,  it  made  the  statement  that  field  men  with 
"scientific  training  in  certain  lines  would  probably  make  very  efficient 
officers  of  the  Engineer,  Ordnance,  or  Quartermaster  section  of  this  re- 
serve." The  Secretary  of  War  mentioned,  however,  the  obvious  fact  that 
many  of  the  functions  of  the  Interior  Department  should  not  be  inter- 
rupted by  war,  so  that  only  those  members  whose  services  could  be  spared 
te  the  War  Department  at  the  outbreak  of  the  war  should  be  commiE- 
sioned  in  the  reserve  corps ;  hence  the  requirement  of  the  approval  of  the 
Secretary  of  the  Interior  of  any  application  for  commission. 

Action  dnder  National  Defense  Act 

The  first  action  in  tfie  Department  of  the  Interior  under  this  reserre 
corps  legislation  was  teken  in  January,  1917,  when  90  topographic  engi- 
neers of  the  Geological  Survey,  with  the  approval  of  the  Secreterv  of  the 
Interior,  applied  for  commissions  in  the  Engineer  Officers'  Reserve  Corps, 
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On  March  36, 1917,  a  program  for  military  mapping  in  the  United  StateB, 
drawn  up  by  the  General  Staff  of  the  Army,  was  submitted  to  the  Geo- 
logical Survey ;  three  days  later  the  tieldwork  requested  'was  under  way, 
and  within  the  week  fifteen  topographers  were  at  work  in  three  States, 
followed  by  a  large  number  in  the  first  few  days  of  April  These  facts 
are  mentioned  as  evidence  that  the  reserve  engineer  officers  were  in  fact 
available  to  meet  the  call  for  special  service  without  delay.  The  utiliza- 
tion of  this  civilian  organization  for  the  highly  specialized  service  of 
military  mapping  in  the  United  States  has  continued  since  March,  1917, 
and  at  the  end  of  November,  1918,  the  area  covered,  both  under  the 
original  program  and  under  subsequent  requests  by  the  Chief  of  Engi- 
neers, amounted  to  nearly  35,000  square  miles,  634  square  miles  of  which 
have  been  mapped  on  exceptionally  large  scales  and  the  remainder  on  the 
scale  of  1 :  62,500.  The  work  comprised  under  special  requests  has  in- 
cluded mapping  of  areas  involving  great  detail,  such  as  balloon  fields, 
cantonment  sites,  and  artillery  proving  grounds.  The  force  employed  has 
included  civilian  members  of  the  United  States  Geological  Survey  as  well 
as  engineer  o£BcerB  detailed  to  the  Director  of  the  Geological  Survey  for 
this  purpose,  and  the  whole  project  of  military  mapping  in  the  United 
States  has  served  a  double  function,  furnishing  the  maps  required  by  the 
army  and  training  engineer  officers  and  assistants  for  service  overseas. 

Not  to  mention  all  the  other  contributions  of  the  many  technical  or- 
ganizations, both  private  and  connected  with  the  Government,  the  mili- 
tary contribution  overseas  of  this  one  scientific  bureau  may  be  briefly 
stated.  On  November  11,  1918,  sixt^-siz  topographic  engineers  from  the 
United  States  Geological  Survey  were  serving  as  engineer  ofBcers  In  the 
American  Expeditionary  Forces ;  "Lieutenant  Colonel  Brooks  and  three 
other  geologists  from  the  Survey  were  serving  as  geologists  and  three 
other  members  of  the  Survey  staff  bad  been  selected  for  geologic  work  in 
France  and  were  awaiting  embarkation  orders;  another  per  diem  member 
of  the  Survey  was  in  France  on  important  staff  duty;  and  still  anoUier 
of  the  Survey  engineer  officers  was  engaged  in  railroad  constraction  in 
France,  while  scores  of  the  younger  men  trained  as  field  assistants  were 
performing  similar  service  with  the  surveying  regiments  officered  by  the 
engineer  officers  from  the  United  States  Geological  Survey. 

John  Does  Ihving's  Seevice 

The  spirit  that  made  most  effective  all  this  service  of  the  civilian  engi- 
neer to  his  country  has  nowhere  been  better  esempUficd  than  in  the  con- 
tribution of  one  American  geologist,  John  Uuer  Irving,  a  former  associate 
XXVIII — Bull.  Qbol.  Sac.  Au..  Tou  30,  1918 
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of  many  of  as,  who  left  his  nniTersity  work  to  devote  every  actint;  of 
hie  well  trained  mind  to  his  countiT'B  need.  He  proved  with  his  life  that 
the  dvilian  engineer  Was  ready  to  render  military  service  of  high  engi- 
neering qnalify. 
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IlTTfiODCCTION 

In  most  branches  of  the  army  a  knowledge  of  map  reading  and  mapping 
methods  is  necessary,  and  in  the  artillery  it  is  essential.  Not  only  mutit 
the  artillery  officer  be  conversant  with  the  interpretation  of  maps,  mili- 
tary and  topographic,  but  be  must  have  kaowledge  and  skill  in  making 
sketches  and  in  locating  positions  by  traverses,  intersection,  and  resection. 

Much  of  this  work  is  of  a  reconnaissance  nature,  with  a  considerable 
allowable  error,  bat  where  it  involves  the  locating  of  batteries  and  battery 
commander  stations  for  use  upon  firing  maps,  the  locations  must  be 
accnrately  made.  These  locations  are  preferably  made  by  intersection, 
simple  resection,  or  by  Italian  resection'  or  other  three-point  methods 
which  give  a  high  d^ree  of  accuracy.    For  all  such  purposes  the  plane- 


■  Ifumacript  rc«lr«d  bf  tbc  Beeretarj'  at  tbe  Society  Fcbraar;  T,  1919. 

■  IlmllaD  KKCtlon  Is  one  of  tbe  tbree-polot  metbodB  of  ■ccuralelj  locating  >  po«itlon 
and  orlentatliiB  m  map  vbm  three  points  on  the  map  can  be  seen  on  the  ground.  It 
was  adapted  by  tbe  Italian  Army  from  Banell'B  method :  hence  Its  name.  It  waa  later 
adopted  by  tbe  French  and  American  armies  as  tbe  autborlied  method  for  locoting  posi- 
tions where  accuracy  Is  required. 

(406) 
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table  is  the  most  satisfactory  instrument  and  the  geologist  is  particularly 
adapted  to  render  such  instruction. 

For  the  purpose  of  instructing  artillery  etudente  and  officer  candidatei 
of  the  Reserve  Officers'  Training  Camp  and  members  of  the  Students' 
Auxiliary  Training  Camp  at  Yale  University  in  these  phases  of  th* 
work,  a  simple  plane-table  equipment  and  methods  vere  used,  which,  for 
the  instruction  of  large  numbers,  yielded  more  accurate  and  efficient  re- 
sults than  the  methods  generally  employed  throughout  the  training  camns 
of  the  country. 

These  features  are  here  presented  in  the  hope  that  they  may  be  of  use 
in  future  military  training,  and  particularly  that  they  may  be  of  value 
for  the  training  and  use  of  geologists  in  their  fieldwnrk. 

Equipment 


The  plane-table  and  the  alidade  were  designed  for  simpUcitj'  aiiil 
cheapness,  the  materials  being  obtained  and  made  locally  at  a  total  co^t 
of  $1.53  each  for  a  lot  of  160.  A  single  outfit  could  be  obtained  from  a 
country  village  in  a  few  hours,  and  thus  be  available  for  a  field  geologist 
needing  one  on  short  notice.  For  instructional  purposes  their  cheapness 
allows  large  numbers  to  be  obtained  at  a  small  cost,  thus  enabling  iK'tlcr 
individual  instruction  to  be  given. 

PUKS-TABLB 

The  tripod  is  an  ordinary,  cheap,  wooden  camera  tripod  with  sliding 
legs  in  two  parts  (see  figure  1).  The  legs  are  permanently  fastened  to  the 
head,  insuring  greater  stability  than  with  those  types  which  are  detached 
from  the  head.  The  sliding  legs  shown  in  figure  1  also  tend  toward  greater 
stability  than  those  which  are  taken  down  by  folding  hack  on  themselves. 
as  in  the  more  expensive  type  of  camera  tripods.  While  they  are  not  as 
stable  as  solid  legs,  they  have  the  advantage  of  lightness  and  of  being 
shortened  to  one-half  their  total  length. 

The  camera  tripod  is  often  objected  to  because  of  its  instability,  and  it 
is  true  that  many  types  are  too  unsteady  for  plane-table  work.  However, 
the  one  described  here  was  found  in  practice  to  be  so  steady  that  points 
could  be  accurately  located  by  the  precise  three-point  methods. 

The  board  is  of  pine,  15  inches  square,  with  inset  ends  to  prevent 
warping.  A  brass  nut  inserted  in  the  lower  side  enables  the  board  to  be 
screwed  to  the  tripod  head,  and  the  same  screw  is  used  to  clamp  or  un- 
clamp  the  board. 
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The  alidade  customarily  used  for  this  work  is  the  triangular  wooden 
ruler,  either  weighted  or  unweighted.  While  a  fair  degree  of  accuracy 
may  be  obtained  on  level  ground  with  this  type,  it  is  unsatisfactory,  be- 
cause sights  to  objects  above  or  below  the  level  of  the  table  are  inaccurate 


FiOL'RE  l.—LigM  Plane  table  icllh  Camera  THpod 

or  impossible,  and  even  horizontal  sights  are  susceptible  of  being  inaccu- 
rately taken  unless  considerable  care  is  exercised,  A  simple  and  cheap 
alidade  was  designed  to  replace  the  triangular  ruler,  consisting  of  a  bar 
of  steel  with  the  ends  bent  upward  for  arms  and  each  arm  slotted  (see 
figures). 
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It  is  9  inches  long,  %  of  an  inch  wide,  and  3/16  of  an  inch  thick,  witii 
two-inch  arms  at  either  end.  This  height  of  arm  gives  an  accurate  sight 
through  a  vertical  angle  of  about  12  degrees,  and  by  extending  the  hae 
of  sight  upward  from  the  slots  a  sight  almost  as  accurate  may  be  obtained 
through  twice  that  vertical  angle.  The  slots  are  about  1/30  of  an  inch 
wide,  giving  a  fine  line  of  eight.  One  side  of  the  alidade  should  be  left 
rough,  so  that  the  smooth  side  only  can  be  used,  thereby  eliminating  any 
error  that  might  arise  from  using  two  sidss,  if  the  slots  should  not  be 
accurately  centered. 


'f(A  flred  Amu  and  lam-cut  Slolt 


No  trough  compass  is  inset  into  the  board.    An  ordinary  pocket  cfim- 
pass  laid  on*  north  line  on  the  paper  proved  entirely  satisfactory. 


BLOPB  CARD 


The  usual  type  of  slope  board  advocated  in  the  text-books  on  military 
mapping,  consisting  of  a  long  string  with  a  weight  on  the  end  of  it,  at- 
tached to  the  back  of  the  board,  was  found  in  practice  to  be  entirely  un- 
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satisfactory.  It  was  ciunberstmie,  difficult  to  read,  and  only  very  approxi- 
mately accurate.  To  replace  this,  a  "slope-card"  was  designed  by  adding 
somewhat  to  the  arm  protractor  and  goniometer  patented  by  the  late 
FrofeBBOT  Penfield  and  used  for  measuring  crystals  (see  figure  3).  It  con- 
sists of  a  rectangular,  heavy,  stiff  cardboard,  6  3^4  inches  wide,  con- 
taining a  ISO-degree  scale,  numbered  from  both  ends,  with  additional 
centimeter  and  inch  scales  for  conTenience.  A  movable  celluloid  arm,  A, 
pivots  at  the  middle  of  the  diameter  of  the  semicircle  C,  equivalent  to 
the  index  point  of  any  protractor.    A  pendulum,  D,  swings  freely  from 


FiQUBK  S.^SIoli*  Vard"  to  rrplace  »(op«  Bcari 

AiApUA  from  ann  goalomeler  deal|[ned  bj  8.  Ij.  Fenfleld.  %A  It  moTHble  cellulald  knn 

[rirotlng  at  C,  iIodk  top  of  wbldi  slslit  li  taken.    Reading  ts  token  wbete  llna  B  Inter- 

lecta  gradnatcd  acale.     B  la  k  doable  protractor  icale  gcaduated  t«  180  degteet,  with 

lent  at  the  top  on  botb  ildes.     A  fivel;  awloglDB  pendalum,  D.  plvota  at  C. 


the  same  index  point.  It  is  merely  a  piece  of  stiff  steel  wire  with  the 
index  end  pointed  and  the  other  end  bent  into  a  loop  which  allows  it  to  be 
suspended  as  a  pendulum  in  the  hole  at  C. 

In  use  the  card  is  held  with  its  longer  edge  firmly  on  the  plane-table, 
with  the  round  part  of  the  semicircle  downward.  The  table  is  adjusted 
until  the  swinging  pendulum  points  to  90  degrees,  or  the  center  of  the 
protractor,  thereby  indicating  that  it  is  level.  The  object  is  then  sighted 
along  the  blackened  edge  of  the  movable  celluloid  arm  A,  shown  in  figure 
3,  and  the  angle  of  slope  read  directly  by  means  of  the  scratched  line  E, 
on  the  under  side  of  the  arm.     Positive  angles  are  recorded  on  one  side 
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and  negative  on  the  other.    Slopes  may  thuB  be  read  to  one-quarter  or  a 
degree. 

The  advantages  of  this  slope-card  over  the  slope-board  are:  Its  greater 
reading  accuracy ;  the  fineness  of  the  line  of  sight,  due  to  its  stability  ou 
the  plane-table;  greater  speed  of  work;  it  is  unaffected  by  wind;  and  thij 
operation  of  sighting  and  determining  the  angle  of  slope  ia  independent. 
whereas  in  reading  by  a  swinging  pendulum  one  is  forced  to  determine 
the  reading  while  the  line'of  sight  is  being  made ;  also,  the  whole  instru- 
ment is  detached  from  the  sketching  board  itself,  thus  allowing  se^'pml 
slopes  to  be  read  without  having  to  change  the  position  of  the  table.  The 
slope-card  may  also  be  uaed  for  simply  leveling  the  board  when  consider- 
able accuracy  is  needed  for  intersections,  and  with  careful  manipulation 
an  error  of  a  quarter  of  a  degree  need  not  be  exceeded. 


FiousB  4. — Method  of  diriitlng  a  Line  ot  irregular  Length  into  a  given  Unnber  ef  iqaal 

Parte  to  obtain  proper  Unite  of  Btridei 

Tbe  aDKle-  B  A  C  Is  SMUUied  ;  A  C  l»  of  «ny  length  wblcb  IB  readllj'  dlrlBlble  Inlo  the 

desired  Dumber  of  udHi.    B  C  are  Joined,  and  the  otber  poiotB  projected  by  Una  pann«l 


Pace  scales  of  l/lOOO,  1/2000,  1/2500,  and  1/5000  were  made  for 
each  individual  stride.  Scales  based  on  miles  per  inch  instead  of  tbe 
metric  system  might  also  be  used  if  desired.  The  scale  problem  was 
first  made  on  a  sheet  of  paper  and  the  measunments  then  transfern'd 
directly  on  the  wood  of  an  8-inch  triangular  ruler.  Each  scale  can  be 
used  as  a  smaller  or  larger  scale  by  adding  or  dropping  a  digit  to  each 
division.    An  example  of  a  scale  construction  follows : 

Construct  a  scale  of  1/1000  for  a  man  whose  stride  is  determined  to 
be  64  inches;  scale  to  read  120  strides,  divided  into  units  of  20  strides, 
with  left-hand  division  divided  into  units  of  2  strides. 

To  do  this,  note  that— 

1  inch  on  scale  =  1,000  inches  on  ground  ^  15.62  strides ;  therefore, 
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120  atridea^  7.68  inches. 

Then  divide  a  line  ?.68  inches  long  into  S  equal  parts  of  30  strides 
each,  by  proportion,  aseuming  at  any  angle  a  line  readily  divisible,  such 
as  6  inches  (see  figure  4). 

If  the  left-hand  inch  of  A  C  be  divided  into  1/10  of  an  inch,  then  one 
unit  on  the  scale  will  be  divided  into  divisions  of  3  strides  each,  thus 
giving  a  scale  on  paper  which  can  be  transfened  to  the  triangular  ruler 
(see  figure  5,  A).  Similarly,  working  scales  may  be  constructed  for  any 
fraction,  whether  metric  or  miles  per  inch. 

Methods 

For  B.A  plain  mapping,  such  as  traversing  aiid  location  of  points  by 
intersections  and  resectionB,  the  equipment  described  above  is  used  in  the 
same  manner  as  the  standard  reconnaissance  plane-table  and  folding 
alidade,  except  that  orientation  of  the  plane-table  by  back  sight  is  used, 
wherever  possible,  in  preference  to  compass  orientation,  since  it  insures 
greater  accuracy.  The  methods  for  this  type  of  work  may  be  found  in 
almost  any  text-book  on  surveying  or  military  mapping. 

The  results  of  the  work  using  this  equipment  were  found  to  be  well 
within  the  allowable  errors,  and  in  locating  points  by  the  Italian  resection 
or  other  three-point  methods  the  accuracy  was  comparable  with  that  ob- 
tained in  using  the  more  expensive  standard  equipment.  The  allowable 
error  for  pacing  is  usually  considered  to  be  2  per  cent ;  so  that  if  pacing 
is  the  method  of  measurement  employed,  the  error  of  all  the  work  can 
not  he  less  than  3  per  cent.  With  the  open-sight  alidade,  however,  tlie 
degree  of  accuracy  is  much  greater  and  locations  by  intersection  will 
yield  closer  results,  which  on  a  scale  of  I/IOOOO  would  not  exceed  the 
width  of  a  pencil  line. 

For  topographic  work  the  base  outline  is  constructed  in  the  usual 
manner  and  elevations  are  obtained  by  means  of  the  slope-card  and  a 
slope  scale  combined  with  the  pace  scale.  Slope  angles  are  read  in  de- 
grees, by  means  of  the  slope-card,  to  critical  points  or  positions  located 
by  triangulation.  The  distances  from  the  observer  to  these  positions  ari? 
scaled  from  the  map  or  paced.  With  the  slope  angle  and  horizontal  dis- 
tance, the  vertical  distance  or  difference  in  elevation  can  be  calculated. 
The  elevations  may  then  be  recorded  on  all  measured  points,  and  contours 
interpolated,  thereby  giving  a  topographic  sketch  map  of  an  area. 
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CONSTSnOTION  AND  TJSE  OF  SlOPB  ScALE. 

WheD  the  slope  angle  and  the  horizontal  distance  in  stridee*  between 
any  two  points  are  known,  the  difference  in  elevation  may  be  read  diiedl; 
by  the  conatruction  of  either  a  chart  or  slope  scale.  The  chart  may  be  30 
made  that  one  axis  represents  distance  in  strides,  anoiher  degrees  of 
slope,  and  a  third  the  corresponding  difference  in  elevation,  measured  in 
feet.  The  slope  scale,  however,  was  found  more  practical  and  convenieot- 
ii  is  so  constructed  that  differences  of  elevation  in  feet  for  one  degree  of 
slope  are  read  directly  opposite  the  figure  on  the  distance  scale  represeDt 
ing  the  horizontal  distance  between  the  two  points  (see  figure  5,  B).  It 
is  constructed  as  follows: 

Problem:  Construct  a  slope  scale  to  be  used  with  a  working  scale  of 
1/1000.* 

This  means  that  1  inch  on  the  scale  equals  1,000  inches  on  the  ground, 


A 

A^""'" 

0              to            l«       ,    160            ]»)        mt 

%,nl,M, 

,"-?»-S"fiff:="^.-''bf-«-4-f. 

FiODBE  S.^^SIope  Scale  (B)  on  laaie  Ruler  oi  Stride  Scale  (A) 

The  Blop«  (cale  l«  (O  placed  u  to  glre  difference  In  elevatloD  In  feet,  ovpoaMt  Out  dli 

Unce  In  itrldee  between  two  points,  tor  any  decree  of  dope. 

Now,  1  degree  of  slope  equals  1  foot  rise  (or  depression)  in  57,3  feet; 
equals  10  feet  rise  in  573  feet,  or  6,876  inches,  on  the  ground. 

Thus,  for  1  degree  of  slope,  10  feet  rise  (or  depression)  would  be 
represented  on  the  scale  by  6876/1000,  which  equals  6.876  inches.  By 
the  method  of  proportion  shown  in  figure  4,  divide  on  paper  a  hnc 
6.876  inches  long  into  10  equal  parts,  each  one  of  which  will  represent  1 
foot  rise  (or  depreBsion)  on  k  scale  of  1/1000,  This  may  be  called  tiie 
slope  scale.  Those  diviajons  may  then  be  transferred  to  the  triangular 
wooden  rule,  so  that  the  zero  of  the  slope  scale  is  set  directly  opposite  itie 
zero  of  strides  on  the  working  scale  (see  figure  5,  B).  The  elevation 
divisions  may  be  extended  to  the  left  of  the  zero,  as  shown  in  figure  5,  B, 
and  further  subdivided  to  read  fractions  of  feet.  Similar  elevation  fcaiei 
may  be  made  corresponding  to  any  desired  horizontal  scale  or  any  desiri'i! 
unit  of  horizontal  measurement.  The  scale,  constructed  as  described  aboT>', 
will  then  give  the  number  of  feet  elevation  for  a  1-degree  slope  for  any 
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horizontal  diBtance  in  strides*  by  simply  taking  the  number  on  the  slope 
scale  directly  opposite  the  determined  horizontal  distance. 

For  slopes  greater  than  1  degree,  multiply  the  number  found  on  tlie 
slope  scale  by  degrees  of  slope.  For  example :  If  the  horizontal  distance 
between  two  points  be  80  strides,  then  for  a  l-d«^ree  slope  between  two 
points  the  difference  in  elevation  between  them  is  the  number  directly 
opposite  80,  or  approximately  7.5  feet.  For  a.  4-degree  slope  it  is  4  times 
7.5,  or  30  feet.  This  direct  multiplication,  instead  of  using  trigonometric 
functionB,  however,  produces  an  error  which  increases  with  the  size  of  the 
angle.  By  trigonometric  calculation  the  error  in  the  elevation  for  a 
4-degree  slope  is  ,027  of  a  foot,  or  0.09  per  cent,  and  only  reaches  1  foot, 
or  1.2  per  cent,  with  an  angle  of  11  degrees.  It  may  be  seen  that  thb  is 
within  the  allowable  error  and  may  be  disregarded  for  the  slopes  en- 
countered in  such  work,  but  correction  could  be  made  for  it  if  desired. 

In  fieldwork  or  in  plotting,  the  slope  scale  enables  the  difference  in 
elevation  between  any  two  points  to  be  determined  rapidly  by  simply 
laying  the  slope  scale  between  the  same  two  points  on  the  map  and  reading 
directly  the  number  of  feet  of  elevation  corresponding  to  the  horizontal 
distance.  For  example,  the  horizontal  distance  between  any  two  stations, 
A  and  B,  may  have  been  determined  by  means  of  either  triangulation  or 
pacing  and  recorded  ou  the  map.  Then,  by  placing  the  slope  scale  on  the 
map  with  its  zero  at  Station  A,  the  corresponding  elevation  for  a  1-degree 
slope  may  be  read  directly  on  the  scale  opposite  Station  B. 

GONOLDBIONS 

The  equipment  mentioned  above  may  be  used  efficiently  for  instruc- 
tional purposes,  either  military  or  geologic,  and  for  geologic  reconnais- 
sance in  the  field.  Its  extremely  light  weight,  only  iyg  pounds,  including 
the  alidade,  renders  it  particularly  adapted  for  reconnaissance  work 
in  moantainous  regions  where  climbing  is  involved  and  lightness  of 
equipment  is  an  important  matter. 

In  military  instruction  it  is  adapted  for  exercises  in  traversing,  inter- 
section, and  resection ;  positions  may  be  accuratelv  located  by  means  of 
the  Italian  resection,  and  it  is  especially  useful  for  the  various  kinds  of 
plain  and  topographic  sketching.  The  alidade  and  slope-card  allow  of 
accuracy  for  such  work  that  can  not  be  attained  with  the  equipment 
ordinarily  used  and  described  in  the  text-books  on  military  mapping. 

For  instruction  in  geological  field  methods,  the  cheapness  of  the  outfit 

■  The  ■ame  boldi  true  for  inr  unit  of  horlzoDtsI  dlBtHoce  on  tbe  icale,  wbether  It  be 
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und  the  readiness  with  which  it  may  be  constructed  will  enable  large 
numbers  to  be  obtained,  so  that  each  student  may  do  individual  work 
with  an  individual  plane-table.  For  teaching  students  the  principles  of 
location,  its  simplicity  is  an  advantage  rather  than  a  disadvantage,  a:s 
their  minds  are  not  distracted  from  the  subject  by  having  to  master  th-: 
numerous  screws  and  adjuetments  of  more  refined  instruments. 

The  equipment  described  here  is  not  intended  for  extremely  accurate 
work,  involving  small  allowable  errors,  but  for  such  purposes  as  recon- 
naissance sketch  maps  and  geologic  mapping  with  or  without  a  topographic 
map.  To  employ  precise  methods  and  instnimente  for  work  which  does 
not  need  to  be  precise,  or  from  its  nature  is  incapable  of  being  made 
precise,  is  laborious  and  a  waste  of  time  and  money.  Most  geologie 
mapping  is  of  this  nature,  for  an  outorop  of  a  bed  which  is  irregular  in 
thickness,  strike,  and  dip  can  not  be  located  within  a  few  inches  and 
usually  not  within  a  few  feet.  For  such  work, simpler  instruments  and 
approximately  accurate  methods  are  proper  because  of  the  time  and  ex- 
pense saved. 
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Inthodoction 


Different  conclusions  have  been  reached  by  geologists  as  to  the  question 
of  the  southern  extension  of  the  postglacial  marine  waters  that  filled  the 
Champlain  depression.  In  the  present  paper  the  writer  undertakes  the 
discussion  of  this  problem  from  a  new  point  of  attack. 

The  CuaNOE  of  CoUBSE  of  the  lRO(lt)OI8-M0HA.WK   RiVBR 

The  body  of  glacial  waters  which  occupied  the  middle  Hndson  and 
lower  Mohawk  Valley  region,  known  as  Lake  Albany,  received  deposits 
from  the  Mohawk  River  during  the  period  when  this  river  was  the  nutlet 
of  the  great  interior  lakes.  These  deposits  formed  a  great  delta  heading 
west  of  Schenectady  and  spreading  southeastward.  With  the  subsidence 
of  the  Lake  Albany  waters  the  delta  emerged  as  land  surface,  forming  the 
great  sand  plain  extending  southeastward  from  Schenectady.  The  Mo- 
hawk cnrrents,  impeded  by  the  emerged  delta  deposits,  were  diverted 
northward  throngh  the  preglacial  valley  depression  known  as  Ballston 
Channel  and  discharged  into  Lake  Albany  in  the  Saratoga-Round  Lake 
region. 

'  Hnnaecrlpt  received  by  the  Secretary  at  the  Society  January  S5,  1910. 
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At  the  same  time  a  portion  of  the  flooded  watisrs  escaped  over  the  rock 
strata  boimdiDg  the  Ballston  Channel  at  Aqueduct,  3  miles  below  Sche- 
nectady. Eventually  these  currents  undercut  the  northward  channel, 
tfans  eetablisliing  the  present  postglacial  course  of  the  Mohawk  from 
Aqueduct  to  ita  place  of  discharge  int^  the  Hudson  River  below  Cohoes. 

For  a  long  time,  however,  the  main  volume  of  the  Mohawk  waters 
coursed  northward  through  the  Ballston  Channel.  With  the  further  re- 
cession of  the  Lake  Albany  waters  the  Mohawk  currents  developed  a  valley 
extending  southeasterly  from  the  northern  end  of  the  Ballston  depression 
to  the  Bound  Lake  inlet.  At  a  later  stage,  with  the  further  subsidence 
of  the  lake  waters  the  Mohawk  currents  eroded  out  the  broad  and  deep 
valley,  now  followed  by  Anthony  Kill,  which  opens  into  the  Hudson  Val- 
ley at  Mechanics vi  lie. 

The  above  statements  are  dednctions  from  the  present  topographic  fea- 
tures of  the  localities  referred  to,  especially  the  following : 

(1)  The  basin  of  the  Mohawk  at  Schenectady  bounded  to  the  south  by 
a  crescentic  bluff  of  the  Lake  Albany  clays  marking  the  course  of  the 
Uohawk  currents  as  they  cut  into  the  delta  deposits  and  swerved  north- 
eastward. 

(2)  The  continuity  of  the  basin  with  the  preglacial  rock  valley  (Balls- 
ton  Channel)  extending  northeasterly  to  the  Saratoga-Round  Lake  region. 
The  bottom  of  this  valley  stands  at  300-foot  elevation,  which  is  60  feet 
below  the  summit  of  the  clay  bluff. 

(3)  The  broad  and  deep  rock  gorge  extending  from  the  Ballston  Chan- 
nel at  East  Ijne  southeastwardly  to  the  Round  Lake  depression.  There 
is  a  fall  of  9?  feet  from  Ballston  Lake,  which  lies  in  the  northern  portion 
of  the  Ballston  Channel,  to  Round  Lake,  4  miles  to  the  east. 

(4)  The  broad  and  deep  valley  (now  followed  by  a  small  stream,  An- 
thony Kill)  cut  in  the  Lake  Albany  deposits  from  Round  Lake  to  the 
Hudson  Valley  at  Mechanicsville. 

The  writer  may  add  that  this  interpretation  of  the  course  of  the  Tro- 
quois-Mohawk  during  the  period  of  the  subsidence  of  the  Lake  Albany 
waters  was  first  described  by  him  in  Wew  York  State  Museum  Bulletin 
Number  154,  pages  31-33,  and  has  since  been  recognized  by  Professor 
Fairchild  in  New  York  State  Museum  Bulletin  Number  195,  page  12. 
(See  also  the  accompanying  sketch  map,  figure  1.) 

Thb  Tebraoeb  at  Mbchakicstille 

The  main  purpose  of  the  present  paper  is  to  call  attention  to  the  topo- 
graphic features  of  the  Hudson  Valley  at  Mechanicsville,  where  the  Iro- 
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quois-Mohawk  currente  diecharged  into  the  Hudson  Valley  watere,  and 
the  dedoctiona  therefrom  that  seem  clearly  warranted  and  have  a  bearing 
on  the  qaestion  whether  the  Hud  son-Cham  plain  Valley  was  occupied  by 
a  body  of  sealevel  waters  connecting  the  Saint  Lawrence  arm  of  the  sea 
with  the  ocean  at  New  York. 


240  Fost  Terfftce 


ZOO  Foot  T«'''"ate 


loo   Fotft  Terrfttt. 


t  a. — The  Ttrncet  a 


MeohmticmOe 


The  100-t(M>t  iDtervBl  conrour  llnei  are  drawn  from  the  lopDgnipblc  map  (Coboci 
Ictl  SurrcT.  On  tbe  toinitrapUc  uup  the  2l>-foot  Interra] 
■bow  the  blnir*  ■eptrBlliiB  the  KTcral  Urracea.  Tbe  cll;  ol 
the  100-foot  temee  WMt  ot  the  rlTtr. 

lere  are  three  distinct  terraces  fronting  the  Hud- 
st.  The  uppermost  of  these  is  at  the  240-foot  level 
1  known  brick-clay  terrace  formation  developed  <m 
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l)ofli  sides  of  the  Hudson  Valley.  The  terraces  of  this  formation  are  ter- 
races of  deposition,  representing  the  surface  of  sediments  deposited  in  the 
middle  portion  of  Lake  Albany  and  converted  into  terrace  form  through 
cutting  down  by  southward  flowing  cnrrents  of  the  Hudson  Valley  waters. 
The  840-foot  terrace  at  Meehanicsville  is  a  segment  of  the  general  terrace 
on  the  west  side  of  the  valley,  cut  off  from  its  northern  estension  by  the 
Iroijuois-Mohawk  Valley  above  described  and  from  its  southern  estension 
h_v  a  {Tully  formed  by  a  small  stream  tributary  to  the  Hudson  south  of 
Meehanicsville. 

The  next  lower  (or  middle)  terrace  is  at  the  300-foot  level.  It  is  sepa- 
rated from  the  upper  terrace  by  a  bluff  40  feet  high,  as  shown  by  the 
contour  lines  of  the  sheet.  The  trend  of  this  bluff  shows  that  it  was 
formed  by  the  cutting  down  of  the  inner  portion  of  the  area  of  the  upper 
terrace  by  strong  currents  issuing  from  the  western  tributary  valley — 
that  is,  Iroquois- Mohawk  currents.  This  terrace  is  therefore  a  terrace  of 
^erosion  in  contradistinction  to  the  upper  terrace,  which  is  a  terrace  of 
deposition. 

On  the  cast  side  of  the  valley  there  is  a  terrace  symmetrical  to  the  one 
just  described  in  location,  elevation,  and  form  relations.  This  was  formed 
by  Iroquois-Mohawk  currents  sweeping  atross  the  waters  of  the  narrowed 
Ijake  Albany  and  impinging  against  a  frontal  lobe  of  the  Hoosic  River 
delta,  which  had  been  built  out  into  the  lake  in  this  quarter  at  the  time 
when  the  lake  wafers  were  at  their  height.  These  currents  cut  laterally 
into  the  materials  of  the  delta,  carving  out  a  shelf-like  terrace  and  reduc- 
ing it  by  downward  cutting  to  the  200-foot  plane. 

The  third  (lowermost)  terrace  at  Meehanicsville  stands  at  the  100-foot 
level.  It  is  separated  from  the  middle  terrace  by  a  bluff  80  feet  in  height. 
The  trend  of  this  bluff  northwesterly  shows  that  it  was  formed  by  the 
cutting  action  of  currents  flowing  in  from  the  western  tributary  valley. 
This  terrace  also  has  its  companion  on  the  opposite  side  of  the  Hudson 
with  quite  definite  outlines.  The  striking  bluff  extending  northwesterly 
from  Reynolds  and  forming  the  outer  margin  of  the  100-foot  terrace  was 
quite  evidently  formed  by  currents  issuing  from  the  western  tributary 
river  and,  sweeping  across  the  lake  waters,  eroding  away  the  inner  por- 
tion of  the  800-foot  terrace  and  cutting  downward  to 'the  100-foot  level. 
All  the  features  of  the  topography  of  this  complex  of  terraces  and  bluffs 
become  harmonized  on  the  interpretation  that  they  represent  the  erosive 
work  of  Iroquois-Mohawk  currents  discharging  into  the  Hudson  Valley 
waters.  The  trends  of  direction  of  the  bluffs  bounding  the  erosion  ter- 
races could  not  have  resulted  from  southward  flowing  currents  of  the 
Hudson  Valley  waters. 

XXIX— Bull.  GeoL.  8.>c.  Ail.,  Vor.  30.  1918 
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These  topographic  features,  due  to  erosion  by  the  Iroqaoia-Mohawk 
currents,  afford  a  datum  for  determining  the  time  of  subsidence  of  Lake 
Albany  with  reference  to  the  location  of  the  front  of  the  ice-sheet  in  i\& 
retreat  from  the  Hudson  and  Champlain  valleys.  The  outlet  of  the  in- 
terior glacial  lakes  continued  through  the  Mohawk  Valley  until  such 
time  as  the  receding  ice-front  opened  an  outlet  along  the  northward  slope 
of  the  Adirondacks.  It  follows  from  the  data  above  given  that  tlie  subsi- 
dence of  Lake  Albany  had  proceeded  to  the  extent  that  its  waters  ha<l 
lowered  from  the  360-foot  level  (that  of  the  Schenectady  delta)  to  tlie 
100-foot  level  (that  of  the  lower  erosion  terraces  at  Mechanicsville) 
within  the  period  of  time  the  ice-front  was  in  process  of  retreat  to  the 
northern  end  of  the  Champlain  region ;  for  during  the  continuance  of  the 
Iroquois- Mohawk  outlet  its  currents  lowered  their  bed  in  the  Lake  Albany 
deposits,  pari  passu  with  the  subsidence  of  the  lake  waters,  from  the  sur- 
face of  the  deposits  to  the  level  of  100  feet. 

There  is  no  evidence  that  the  waters  of  the  Hudson  Valley,  after  (heir 
subsidence  to  the  level  indicated  by  the  lower-eroded  areas  at  Mechanics- 
ville, rose  again  to  a  higher  lewl.  The  present  major  topographic  fea- 
tures of  the  valley — the  terraces  and  their  slopes — have  certainly  not  been 
modified  by  overflowing  waters  since  their  origin.  If,  therefore,  a  water 
connection  existed  between  the  Champlain  arm  of  the  sea  and  the  ocean 
at  New  York,  this  strait  had  a  breadth  at  Mechanicsville  not  greater  than 
approximately  the  space  between  the  100-foot  contour  lines  on  the  oppo- 
site sides  of  the  valley — that  is,  a  breadth  not  greater  than  that  of  the 
present  valley  bottom. 

These  deductions,  drawn  from  the  facts  of  topography,  are  opposed  to 
the  conception  of  a  body  of  marine  waters  filling  the  Hudson  Valley  to  a 
height  indicated  by  the  river  deltas  and  continuous  with  marine  waters 
in  the  Champlain  depression. 

If  we  suppose  that  the  Hudson  Valley  waters  in  which  the  sands  and 
clays  were  deposited  were  estuarine,  opening  Into  the  sea  at  New  York, 
then  that  portion  of  the  estuary  included  in  the  region  of  Mechanicsville 
had  become  changed  to  a  freah-water  river  while  yet  the  Saint  Lawrence 
basin  was  filled  with  ice.  We  are  thus  led  to  conclude  that  at  no  time 
was  there  a  continuous  body  of  marine  waters  connecting  the  Saint  Law- 
rence arm  of  the  sea  with  the  ocean  at  New  York. 
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Introduction 

The  Slierbume  Bandstone  was  named  by  Vanuxem,  in  1839,'  from  the 
town  of  Sherburne,  in  Chenango  County,  New  York,  where,  on  and  near 
the  Chenango  Kiver,  it  i%  well  exposed  and  has  been  extensively  quarried 

r  building  and  flagging  purposes.  The  original  description  of  this 
lation  is  very  brief  and  refers  to  the  group  of  rocks  underlying  the 
aca  beds  of  that  section  and  overlying  the  Hamilton.     Yanuxem 

ates  that  "the  stones  are  of  various  grades  of  thickness,  alternating 

ith  greenish  or  olive  colored  shale.  Fucoids  resembling  stems  of  plants 
,re  frequent  in  this  rock  and  also  fragments  of  plants  like  the  grasses. 
The  flagstone  maps  extends  from  Cayuga  Lake  through  the  district." 

■  IbinuBcrlpt  rreeived  by  tb»  SMrMsry  of  tb«  GmiIorIuiI  Soclfty  February  IT,  1619. 
Dedicated  to  tbe  memory  oC  Chnrlea  8.  rroaner. 
'  Pourtb  Aonual  Report.  Third  Ocologlcal  Dlntrlct,   New  York   (ARsembly   Documeot 
no.  2T5.  ISSni.  p.  318. 
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Prosser'  has  given  a  fuller  and  more  detailed  description  of  this  rock  in 
the  various  sections  from  the  Chenango  River  eastward,  and  these  ser\e 
as  a  basis  for  our  understanding  of  the  relationship  of  this  to  the  iikId?- 
ing  formations.  More  recently  still,  Dr.  John  M.  Clarke  has  discu^-^^-l 
certain  characters  of  these  sandstones,  and  to  this  reference  will  be  idi\i\v 
farther  on  in  this  paper.* 

The  typical  Shbebubve  Sandstone 
obnbral  db80ripti0s 

The  rock  of  the  type  region  is  a  bluish,  rather  fine-grained  sandsttm?, 
frequently  of  the  typical  bluestone  character,  alternating  with  smnolli 
shales.  Near  Smyrna  these  rocks  are  mostly  bluish,  unfoesiliferous,  ainl 
arenaceous  shales,  with  thin  and  thick  bedded  sandstones  with  irregular 
markings  on  their  upper  surfaces,  mainly  of  a  mechanical  nature.  Some 
of  the  sandstone  layers  are  quarried,  these  ranging  in  thickness  up  t*i 
19  inches.  West  of  Smyrna  a  few  fossils  of  the  Naples  type,  includin:: 
Pterochaenia  fragile  (Hall),  still  occur,"  while  in  the  lower  part  there  is 
a  direct  lateral  passage  of  this  Sherburne  shale  and  sandstone  into  ihc 
impure  Tully  limestone  and  the  sparingly  represented  Genesee  sbalti-. 
Prosser*  ascribes  the  eastward  disappearance  of  the  Tully  limestone  '"lo  a 
gradual  loss  of  the  calcareous  material,  which  is  replaced  by  that  of  the 
arenaceous  and  arigillaceoua  sediments,  causing  the  rock  to  present  a  de- 
cidedly different  lithologic  appearance," 

The  total  thickness  of  the  Sherburne  in  the  Chenango  River  section 
is  about  350  feet  and  shales  seem  to  predominate.  While  in  a  few  sec- 
tions near  Smyrna  a  little  of  the  Tully  and  Genesee  are  still  represented, 
these  are  for  the  most  part  absent,  the  Sherburne  resting  directly  iipoJi 
the  fossiliferoua  Hamilton  shales  and  sandstimeB.  The  Sherburne  itself 
is  devoid  of  marine  fossils,  except  that  in  this  region  a  few  intercalations 
of  dark  shales  occur,  usually  in  its  lower  part,  which  carry  a  remnaut  i>f 
the  Naples  fauna,  so  much  more  abundantly  developed  in  the  equivalent 
rocks  farther  west.  Thus,  in  the  gorge  of  Nigger  Brook,  ly^  miles 
south  of  Sherburne  village,  Prosser  found  blackish  shales  at  a  horiwm 

*  C.  8.  Prouer :  Tbe  cl&BSIflcatloti  and  distribution  of  the  Hamilton  and  CtiemuD; 
series  o(  central  and  «aatern  New  Torh.  letb  Ann.  Rept.  New  Tork  State  Geolo(l»t, 
pt  1,  pp.  8T-22S.  ProBser  calls  attention  to  the  fact  tbat  tbe  "Sherburne"  flagaton;  of 
Vanuiem's  1S40  report  are  different  from  tbe  beds  comprised  In  tbe  "Sherburne"  group 
ot  Conrad's  1841  report,  these  latter  belonglDg  In  the  Hamilton  group  below  tlie  Tally 
llmeBtoDC, 

'  John  M.  Clarke  :  Strand  and  undertow  markings  ol  Upper  Devonian  time  as  ludlca- 
tlons  ot  tbe  prSTalllng  climate.  New  York  State  Museum  Bnlletlli  196,  April.  ISIT, 
plates  7-2S,  pp.  190-210. 

■Prosser:  Loc.  cit.,  p,  119. 

■  Loc.  cIt.,  p.  118. 
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alxmt  63  feet  above  the  top  of  the  Hamilton,  carrying  a  few  speciuiens  of 
the  following  species : 

Buchiola  H;)ccto«a  Hall  r 

Leptodctma  rogerti  Hall  r 

Coleolut  OGiculut  t  c 

Orthocera*  et.  tubulalum  Hall  r 

Uoniatitea  ct.  ditcoidcu*  Hall  « 

Tliis  apjiears  to  be  a  wedge  of  the  inore  fossiliferous  western  shales  eii- 
tmiiip  tlie  unfoaailiferoiis  Sherburne  sands  and  shales.  The  relationship 
with  the  fossiliferous  Tully,  Genesee,  and  Naples  to  the  westward  is 
dhuwn  on  the  following  diagram : 


Tvpically  marine  fossils  are  absent  from  the  typical  Sherbunie  sands 
and  shales  except  for  the  wedges  of  Naples  shales  abo\e  referred  to,  but 
Dr.  John  M.  Clarke  has  illustrated  a  fragment  of  this  rock  which,  besides 
showing  the  natural  relief  molds  of  longitudinal  drug-furrows  and  the 
characteristic  Fucoides  graphica,  also  incloses  a  stranded  goniatite  shell 
(Mantwoceras).  Plant  remains  are,  however,  not  uncommon  in  the 
Sherburne  sandstones.  These  are  prohably  for  the  most  part  stipes  of 
ferns  or  fernlike  plants  and  they  are  represented  chiefly  by  impressions, 
often  more  or  less  iron-stained.  Vanusem  says  of  them :  "They  have  the 
appearance  of  narrow  leaf-grasses,  broken  into  fragments,  and  are  in- 
variably of  a  brownish  color.'  These  plant  remains  are  always  found 
on  the  bedding  planes,  where  they  appear  to  have  been  stranded,  they 
having  been  brought  to  their  resting  place  from  other  localities.  That 
thoy  did  not  grow  in  situ  is  shown  by  the  fact  that  tliey  arc  never  up- 
right, penetrating  the  layers  of  sandstone  at  right  angles  to  the  bedding 
l>]ane,  as  would  be  the  case  were  the  sand  and  mud  deposited  around  the 
^itanding  stems  of  reeds  or  other  aqueous  plants.  So  far  as  can  be  judged 
1  Report  of  tbe  Third  District.  1S42.  p.  173. 
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from  the  remains,  they  are  land  plauts  and  were  probably  swept  to  their 
present  position  by  river  currents. 

Besides  these  undoubted  plant  remaios,  there  are  elongated,  rwsed 
ridges  on  the  under  side  of  many  of  the  sandstone  layers,  which  represent 
the  natural  fillings  or  casts  of  depressions  of  similar  form  in  the  surface 
of  the  mud  layer  next  below.  These  have  been  doubtfully  referred  tn 
fucoids  by  Vanuxem  and  described  as  Fucoides  gmphka,  because  they 
resemble  "the  stiff,  simple  markings,  excepting  as  to  size,  of  the  juvenile 
scholar."'  They  are  most  probably  not  plant  remains,  their  characfer 
being  more  nearly  that  of  depressed  trails  or  tracks  made  in  the  surface 
of  the  mud  flat.  But  what  organism  could  be  responsible  for  the  makinfi 
of  sucli  tracks,  if  tracks  they  are,  does  not  appear.  The  absence  of  re- 
mains of  the  organism  itself  suggests  that  it  was  a  land  form,  which 
visited  this  region  temporarily,  or  else  that  it  was  soft-bodied  and  so  left 
no  remains.  There  is,  however,  another  interpretation  of  these  structurea, 
recently  advanced  by  J.  M.  Clarke'  after  a  suggestion  by  J.  B.  Wood- 
worth,  namely,  that  they  are  groves  formed  by  ice  crj-stals,  such  as  are 
produced  by  the  formation  of  ground  ice  in  shallow  water. 

BABTWARD   EXTEXSIOS  OF  THE  HORIZOS  OF  THE  8BERBVRHB  8AXDST0SS 

Traced  eastward  along  the  outcrop,  the  Sherburne  sandstone  hohln  its 
own  as  far  as  the  I'liadilla  Biver  valley,  some  ten  miles  from  Sheriiuriie. 
It  everywhere  rests  upon  the  Hamilton  shales  and  throughout  is  suc- 
ceeded by  shales  with  the  Ithaca  fauna.  The  Sherburne  formation  wn- 
sists  of  shales  and  micaceous  sandstones,  the  latter  characterized  by  the 
marking  termed  Fufoides  graphica  by  Vanuxem.  In  the  Unadilia  River 
section  the  Tully  and  Genesee  are  absent,  the  unfoasiliferous  Sherburne 
sands  and  shales  resting  directly  upon  the  fossiliferous  Hamilton  shales 
and  sands.  The  transition  from  the  Hamilton  to  the  Sherburne  is  shnwii 
in  some  of  the  sections  along  the  brooks  entering  the  Unadilia  near  New 
Berlin.  Prosser  records  the  fact  that  in  the  dark  shale  beds  immediaMv 
above  the  fossiliferous  Hamilton  "only  two  fragments  of  a  goniatite  aod 
another  of  a  different  shell  .  .  ."  were  found.  East  of  the  I'uadilla. 
in  Otsego  and  Schoharie  counties,  the  rocks  of  the  horizon  of  the  Shet- 
hurue  sandstone,  while  retaining  a  somewhat  similar  lithic  charaHer, 
have  become  more  or  less  fossiliferous,  the  contained  organic  remains 
l)eing  tliose  of  the  Hamilton  fauna.  East  of  the  Schoharie  Vallev.  how- 
ever, in  Green  and  LHster  counties,  these  beds  again  pass  into  unfiissili- 
ferous  bluijiii  and  grayish  sandstones  with  intercalated  red  shales,  in- 
stituting the  lower  part  of  the  Oneonta  formation,  or  the  Upper  Flapslone 

■  r*c.  cii. 

•J.  M.  Cl«rkf :   Jac.  clt„  pp.  aOH-SOT. 
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series  of  Ulster  County,  which  has  a  total  thickDesa  of  about  3,000  feet 
aud  is  succeeded  by  the  red  beda  of  the  Catakill  formation.  Xear  Nobles- 
ville,  Otsego  County,  in  the  Butternut  Valley,  Proseer  found  "smooth 
^eenish  sandstones,  in  the  midst  of  which  are  blocky  shales  in  which 
Rhynchonella  [Hypothyns]  tenustula  Hall  is  common."  With  these 
occur 

Sptrifer  mturonatut  (Con.)  rr 

Atrgpa  i-eticuUirU   (Linn.)  r 

Tropidolcptut  carinatu*  (Con.)        rr 

This  is  evidently  the  elosiug  phase  of  Hamilton  deposition,  marked  by 
the  invasion  of  this  region  by  Hypothytis  cuboides  just  before  the  inaugu- 
ration of  the  Sherburne  type  of  sedimentation. 

//.  venusluia  is  again  found  in  this  same  horizon  in  I^wrence  town- 
ship, about  three  quartets  of  a  mile  south  of  Mount  Vision,  on  the  eastern 
side  of  Otego  creek.  Here  it  is  associated  with  Paracydaa  lirala  and 
apparently  alBo  with  Spirifer  nutcronatus  and  PaUeoneUo  aubemarginala 
(?).  Between  the  Unadilla  and  the  Susquehanna  rivers  the  Sherburne 
is  8til]  for  the  most  part  unfoesiliferoue,  though  the  intercalated  shales 
frequently  carry  a  restricted  Hamilton  fauna.  This  is,  however,  more 
often  restricted  to  certain  leveb  within  the  formation,  the  great  bulk  of 
which  is  barren. 

In  Maryland  township,  south  of  the  village  of  Schenevus,  the  Rher- 
hurne  has  yielded  the  following  fossils  about  175  feet  above  the  Hamil- 
ton :•" 

1.  SpiHfer  tuUitu  Hall  (r) 

2.  TrtipUolfptu*  rartnatn*  (Con.) 

3.  LeiUj  diverta  Hall  (r) 

4.  CjfpricardeHa  tttiuUtriata  Hall  (rr) 

5.  PaUroneilo  eonttricta   (Con.)  (rr) 

6.  Moduimorpha  lI.  tubalala  var.  chemuHfientit  Hall         (rr) 

Near  Chaseville,  rocks  of  this  aeries,  comprising  sliales  and  sandstones, 
have  yielded,  in  the  lower  part,  near  the  Hamilton  boundary : 

1.  Troptdoleptui  carinatut  (Conr.)         i- 

2.  BpMfer  mutionalttt  (Conr.)  r 

3.  SpUifcr  tutliua  Hall  c 

Forty-five  feet  higher  a  coarse-grained  sandstone,  sparingly  fossiliferous, 
has  furnished: 

1.  lAorhffnchu*  metacottali*  Hall         (r> 

2.  Crania  c(.  lenni  Hall  (c) 

3.  il)  CniptimeUa   mdora  Hall  (rr) 

"  FrOMfr :  Loc.  clt.     16th  Kan.  ttepl.,  p.  201. 


)vGoo<^lc 


428  A.  W.  ORABAU THE   SHERBIRNE    8AKD3TONB 

Two  hundred  and  sixty  feet  higher  are  eaDdBtones  with  Sptrifer  mesaslri- 
alis,  3.  rwucronaius,  Tropidotepttis  carinattis,  etcetera,  representing  the 
Ithaca  formation." 

In  the  section  on  Whitney  Brook,  north  of  Maryland,  the  foHowiit.i: 
members  are  pertinent. 

Twenty-five  feet  above  the  beds  regarded  by  Prosser  as  forming  the  tiij» 
of  the  Hamilton  are  bluish  argillaceous  and  even  arenaceous  shales  with 
few  marine  fossils,  but  with  plenty  of  "fucoidal"  and  mud  marking*. 
These  are  regarded  as  of  the  horizon  of  the  Sherburne  and  they  contain 
fragments  of 

Bpirifer  mucronatut  and 

Ltopteria  dekagi — both  rare. 

Ten  feet  higher  the  following  fauna  was  obtained  by  Prosser: 

1.  Linffula  punctata  Hall  ?  (c) 

2.  Tropidoleplut  carinatut   (Cod.)         rr 

3.  Spirifer  ap.  rr 

4.  Xuculites  triqueter  Con.  rr 

5.  BclhTophon  cf.  leda  Hall  rr 

and  plant  stems  referred  doubtfully  to 

6.  ( ?)  Rhodia  pinnata  Dawson  rr 

Thirty-five  feet  higher,  or  70  feet  above  the  top  of  the  Hamilton,  are 
bluish,  slightly  irregular  shales,  which  inclose  a  6-inch  fossiliferous  layer 
which  has  furnished" 

1.  Spirifer  imtcronatut   (Con.) 

2.  Sp,  meHttriatU  Hall  ? 

3.  Sp.  frimbrialu*  <Con.) 

4.  Chonete*  aeHgera  Hall 

5.  Chotietes  lepidut  Hall 

6.  Leplogtmpkia  cf.  per'plann  (Con.) 

7.  lAngula  sp. 

8.  Goniophora  hamiltoncn»i»  Hall 
B.  Pataoneilo  comtrieta  (Con.) 

One  hundred  and  thirty  feet  higher,  or  800  feet  above  the  top  of  the 
^""•'*""    ""  irregular  concretionary  sandstone  and  bluish  and  oUve 

e  following  fauna^' 

rtUta  kamiitoneniig  Hall  (c) 

irifer  mucrottatui   (Con.)  (rr) 

ipidntuptut  carinatus  (Con.)  (r) 

trhvnchui  sp.  (r) 
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FifteeD  feet  higher  is  another  concretionary  stratum  which  contains 
Liorhynehus,  and  the  next  exposures,  some  distance  above  this,  carry  the 
Ithaca  fauna  and  are  referred  to  that  horizon. 

The  equivalent  of  the  Sherburne  beds  ie  here  abaolutely  continuous 
with  the  Hamilton,  which  also  contains  many  barren  beds  In  its  upper 
part.  The  character  of  the  fauna  of  these  higher  beds  is  clearly  a 
Hamilton  one  and  ghoivs  the  persistence  in  the  waters  east  of  the  typical 
Sherburne  deposits  of  that  fauna  and  its  slow  modification  by  the  ap- 
pearance of  species  of  the  Ithaca  fauna. 

In  the  Schoharie  Valley  the  horizon  of  the  Sherburne  is  not  well 
exposed,  being  mostly  a  greenish  or  grayish  sandstone  with  alternating 
shales  and  indistinguishable  lithicolly  from  the  Hamilton  below  and  the 
I  thaca  above.  Fossils  are  much  less  numerous  in  this  region,  though  plant 
remains  are  not  uncommon.  Fossils  are  also  much  less  abundant  in  the 
underlying  Hamilton,  where  great  thicknessea  of  barren  sandstones  and 
shales  occur.  The  influence  of  the  near-by  Devonic  land  made  itself  felt 
during  the  deposition  of  the  later  Hamiltoh  and  succeeding  beds,  all  of 
theee  being  merely  the  seaward  extension  of  the  great  Devonic  delta  of 
the  Appalachian  region,  the  formation  of  which  began  in  Hamilton  time. 
When  fossils  do  occur  in  the  Sherburne  they  are  still  of  Hamilton  types. 
N'ear  Breakabeen  bluish  gray  shaly  sandstones  100  feet  above  typical 
Sherburne  sandstone  and  410  feet  below  red  Oneonta  shales  carry 
Tropidoleptus  carinatus  in  abundance,  while  Spirifer  mucronatus  occurs 
less  frequently."  East  of  Breakabeen,  in  bluish  shales  335  feet  below 
red  Oneonta  beds,  the  following  fauna  occurs,"  this  being  quite  certainly 
the  Sherburne,  which  in  this  region  lies  500  or  more  feet  below  the 
Oneonta : 

1.  CamarotiEchia  proliflca  (a) 

2.  Ambocailia  untbonata  (rr) 

3.  Strophalotia  truncata  (rr) 

4.  Pterinea  flabclla  (c) 

5.  Nvaita  arguta  <c) 

6.  Nucvlitef  oblongatut  (rr) 

7.  Palaoneilo  conatricta  (rr) 

8.  Ifucula  bellUMaia  (rr) 

9.  Tetlinoptit  tuiemarginata        in) 
10.  Tentactititea  bellului  (r) 

In  the  Panther  Creek  section,  along  one  of  the  branches  of  the  West 
Kill,  in  coarse  grayish  sandstones  and  thin  blue  shales,  lying  140  feet 
below  shales  carrying  the  Ithaca  fauna,  Prosser  found'* 

"  Frouer :  ITtb  Aqd.  Rept.  N.  Y.  State  Geologist,  ISOT.  p.  181. 
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Troptdoleptua  carinatui        (r> 
SfiiHferap.  (it) 

NtfCuUleB  oblongotui  (rr) 

Theee  clearly  belong  in  the  horizon  of  the  Sherburne  sandstone.  In  the 
Panther  Creek  valley,  southwest  of  West  Fnlton,  coarse  shales  with  an 
abundant  Hamilton  fauna  occur  about  100  feet  or  s  little  more  below 
shales  carrying  the  Ithaca  fauna  with  Spirifer  meaastrialu.  These  ap- 
parently are  also  of  the  horizon  of  the  Sherburne  sandstone.  On  ttie 
Mill  Creek  highway,  in  arenaceous  shales  215  feet  below  beds  carrying  tlw 
Ithaca  fauna,  Prosser  found" 

1.  Tropid<ilejil«g  carinaluB  a 

2.  ChoHctet  coronatiu  rr 

3.  AmhoorrHa  umbonata  rr 

4.  Camarotachia  congregata  c 
6.  C.  cf.  tteveitM  rr 
6.  Cepbalopod  fragment  rr 

This  though  a  Hamilton  fauna  is  clearly  in  the  rocks  of  the  Sherburne, 
though  perhaps  in  the  lower  part  at  West  Blenheim,  in  rocks  the  top  of 
the  Sherburne  or  the  base  of  the  Ithaca  (M'  of  Prosser),  Prosser  fouud 
the  following  fauna.'* 

1.  Spirifer  v%«cr(matvg  yc) 

2.  Ohonetea  tetiffera  (c) 

3.  Tropidoleptv»  cariiiatu*         (r) 

4.  Leda  iivrrKa  (rr) 
B.  Orthnnota  undulata  (rr> 

6.  8chizoilit»  appre»»ii»  (rr) 

7.  Orliievloidea  sp.  (rr) 

This  is  a  Hamilton  fauna.  Forty  feet  lower,  in  the  bluish  shales  (MM, 
Prosser  found 


Northwest  of  Franklinton,  in  Broome  township,  Scholiarie  County,  are 
greenish  shales,  50  feet  below  mottled  red  and  green  shales  and  115  feet 
below  red  sandstones  of  the  Oneonta  type.  These  shales  contain  a  Ham- 
ilton fauna,  while  two  loose  specimens  of  Spirifer  mesastriaiis  were  fouml 
near  bv,  probably  introduced  from  elsewhere.  The  fauna  in  place  com- 
prises, according  to  Prosser," 

1.  Spirifer  mucronatut  (a) 

2.  Spirifer  ffranulosut  f  (c) 
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3.  Cantarolaxkia  congregata  c 

4.  C.  proliflca  t  rr 

5.  Chonetet  coronatu*  c 

6.  C,  »etigeru9  r 

7.  SchuclKTtella  chemnngentit  var.  amtottriata        c 

8.  I'aUroneilo  cotutricta  i 

9.  Ngattn  arguta  n 

10.  Ooniophora  hamiltonetuit  rr 

11.  Ornmmjfxja  up.  rr 

12.  OrtAonota  paii>u((i  f  rr 

13.  ActinopterUt  boyii  c 

14.  QlvP*oAe»ma  erectum  r 

15.  Tfntac»litei  bellultta  rr 

From  its  position  below  the  Oneonta,  it  is  highly  probable  that  thia  repre- 
senta  the  horizon  of  the  Sherburne  sandgtones  farther  west. 

Albany  County 

The  carefully  meaeured  eection  up  Bradt  Hollow  from  tlie  valley  of 
the  Fox  Kill  at  Peoria,  in  the  township  of  Beriie,  Albany  County,  shows 
some  interesting  facts.  The  shales  and  sandstones  overlying  the  Onon- 
daga carry  Hamilton  fossils  for  a  thickness  of  between  1,415  and  1,720 
feet,  the  exact  amount  not  being  ascertainable  on  account  of  the  some- 
what varying  dip.  Seventy-five  feet  above  the  top  of  the  highest  fossil- 
iterouB  zone  (PiosBer,  38  B*)  occurs  the  first  horizon  of  red  ghalee, 
marking  the  beginning  of  Oneonta  sedimentation.  If  we  consider  that 
the  Oneonta  sedimentation  has  here  entirely  replaced  the  Ithaca,  we  must 
hold  at  least  175  feet  of  the  fossiliferous  beds  of  Hamilton  type  as  be- 
longing to  the  Sherburne.  This  would  reduce  the  thickness  of  the 
Hamilton  (inclusive  of  the  Marcellus)  to  between  1,240  and  1,545  feet. 
In  the  neighboring  Schoharie  Valley,  where  the  Sherburne  representative 
retains  its  thickness  of  250  feet  below  the  Ithaca  beds,  the  Hamilton 
Marcellus  is  figured  by  Proeser  as  1,685  feet.'"  It  must,  however,  he 
borne  in  mind  that  such  measurements  are  not  absolutely  correct,  on 
account  of  the  variable  dip  of  the  strata. 

If  the  whole  of  the  fossiliferous  series  in  Bradt  Hollow  Hill  is  of 
Hamilton  age,  then  the  red  sedimentation  (Oneonta  type)  has  replaced 
more  than  the  upper  half  of  the  Sherburne.  This  is  not  improbable,  since 
in  Ulster  County  the  whole  of  the  Slierbume  and  possibly  some  Hamil- 
ton is  replaced  hy  thia  type  of  sedimentation.  That  is  due  to  the  fact  that 
that  region  is  nearer  to  the  source  of  supply  of  the  continental  sediments 
vhich  form  the  Oneonta-Catskill  delta,  and  that  hence  these  sediments 
appear  earlier  in  the  geological  column  as  we  approach  that  region. 
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If  we,  however,  regard  the  whole  of  the  Sherburne  as  still  repreeente') 
in  the  Bradt  Hollow  section,  then  the  three  upper  fosslliferous  zones 
(B%  B",  and  B*  of  Proseer)  must  be  included  in  it.  The  highest  of 
these  zones  (B'),  which  lies  about  75  feet  below  the  red  Oneoata  ehales, 

contains  the  following  fauna:" 

1.  Chonetet  coronalUf  r 

2.  Spirifer  mucrottatus  rr 

3.  I'terinea  fiaT/ella  i 

4.  Actinopteria  bovdi  r 

5.  VwouKIc*  obtongatvt  t 
ft.  Bryozoans  rr 

Fifteen  feet  lower,  in  thin  strata  of  bluish  to  fjreen  shales,  the  follow- 
ing fauna  occurs  (Prosser's  zone  B') : 

1.  Atrvpa  reticularit  c 

2.  Spirifer  m»cnmatil$  n 

3.  S.  granulosa*  rr 

4.  OfK»tete»  letifiera  rr 

5.  Onhonota  vndulata  c 

6.  Nucvtiteg  oblon^atuj  (small)  c 

7.  PaUeoneilo  coMtricta  rr 

8.  Qmmmyfia  bigvlcata  rr 

9.  Pterinopecten  vertumnut  rr 

Fifty  feet  lower  are  greenish  and  bluish  shales  lithically  like  the  Sher- 
burne shales,  but  alternating  with  slightly  fossiliferoug  sandstones. 

Forty  feet  lower,  or  160  feet  below  the  lowest  Oneonta  bed,  occur  sand- 
stones and  richly  fossiliferous  shales  with  the  following  fauna  (Prosser, 

1.  Spirifer  miicronatut  c 

2.  8.  ip-anulosui  rr 

3.  8.  audaculut  c 

4.  Tropidoleptut  carinatttg  z 

5.  Ohonetea  corottatui  r 

6.  Camaroteechia  lappho  a 

7.  C.  congregata  c 
B.  Eunella  HnckUnU  rr 
9.  Prodvctella  ep.  rr 

10.  PaUeoneito  cotutricta  r 

11.  Nuctaites  tHquetcr  rr 

12.  Tellinoptit  ntbemarginala  rr 

13.  Sphenotut  truncata  r 

14.  Orthotwta  vndulata  r 

15.  Qimi'iphorn  hamiltrmentis  r 

16.  Cimitaria  elongnta  rr 

Troiser:  Ixic,  cit.,  p.  243. 
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37.  Modiomorpha  Mtbalata  rr   . 

18.  ElymirUa  levata  it 

19.  Cypricardella  tenvUtriata  rr 

20.  Actinopteria  loi/di  c 

21.  Liopteria  dckayi  c 

22.  Pterinopecten  vertumntu  c 

23.  ?omaIonofti«  deiba^  rr 

24.  Tipniopora  eirtpua  c 

25.  lAngula  ep-  " 

26.  Witmln  corbuH/ormi*  rr 

Kroiii  tJiese  lists  it  appears  that  either  the  Sherburne  horizon  is  here  in 
part  represented  by  the  continental  sedimenta  of  the  Oneonta  type  or  else 
it  carries  a  typical  Hamilton  fauna.  I  am  inclined  to  regard  the  latter  as 
the  true  interpretation,  since  this  section  is  as  far  removed  from  the 
center  of  deposition  of  the  Oneonta  sands  and  muds  as  is  that  of 
S[oheganter  Hill,  where  the  Sherburne  is  still  fully  represented. 

SODTHBASTBKN  NbW  YORK 

In  the  Port  Jervis  region,  near  the  New  York,  Pennsylvania,  New 
Jersey  boundary,  the  Sherburne  beds  contain  a  l^pical  residual  Hamilton 
fauna.  A  short  distance  above  sandy  beds  which  carry  an  abundant  and 
tt-pical  Hamilton  fauna  Prosser  found  ledges  of  "thin  flaggy  etonea  which 
split  into  layers  betrween  one-half  and  one  inch  in  thickness.  The  stone 
is  very  arenaceous,  of  slightly  greenish  tint,  and  may  be  called  a  sand- 
stone with  very  thin  layers,"    It  contains  the  following  fauna  :** 

1.  Spirifer  mucronatiit  aa 

2.  Tropidoleptut  carinatut  a 

3.  Chonetet  mucrotialus  rr 

4.  C.  setifjervt  rr 

5.  Cyrtina  hamiltonenMs  rr 

6.  Ovprtcnr delta  ffreoarifu  c 

7.  Paracyclat  liratn  rr 

8.  Modiomorpha  gubalata  rr 

9.  Actinopteria  boydi  rr 
10.  Palaoneito  cotutricta  rr 

Sdmhabieb  op  Faunas 

An  analysis  of  the  faunal  lists  given  in  the  preceding  pages  and  ob- 
tained from  the  fossiliferons  beds  of  the  Sberbome  east  of  the  Unodilla 
River  shows  that  it  is  still  a  true  Hamilton  fauna,  albeit  a  selected  fauna, 

"C.  S.  Proawr:  Am.  Jour.  Set.,  3d  Mr.,  toI.  46,  p.  212.    Bull.  V.  S.  Otol.  aarr.,  no. 
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from  which  mauy  of  the  typical  Hamilton  species  are  missing.  This  is 
clearly  shown  in  the  following  table,  in  which  rr  =  very  rare ;  r  =^  rare ; 
re  =  fairly  common ;  c  =  common ;  x  =  present : 


Brachiopods 

[.  Tn^idoUpius  tatinatus 

1.  Spijifer  tuUiia 

t.  SpiTifei  graituhsus  ? 

I.  S.  mucTOHtUus  

i.  5.  oudtKulus 

1.  S.  mesistTtalis  ? 

'.  S.fimbriatus 

I.  LioTkynclats  mtUkostus 

I.  L.makiKtalii 

I.  Cyrtina  hamiUonttms 

1.  Crania  cf.  koiii 

!.  Crypioneila  ewtora  ? 

t.  EutuUa  liHcklaeni 

L  LinsuUi  pwKlata  ? 

i.  ChontUs  totonatus 

>.  C.  aetiftTui 

'.  CUpidus 

t.  C.muCTonatus 

I.  LeptoilTopkia  cf .  ptrpkmtt 

).  Camofototekia  proi^ea 

1,  C.  ampttfUa 

!.  C.sapho 

I.  C.  cf.  stephmi 

I.  Ambocoilia  umbontUa 

i.  SiTopiialosurtTuticata 

>.  SchuhtrttUa  ehemunftnsu  arcUtstriata. 
'.  Atrypa  rtticuUais 

Pelecypoda 

I.  Leda  dieersa 

).  CyptieaidtUa  Ittmistriala 

).  C.  grtgfiTia 

L,  PfUatoneHo  censttkia 

!.  Grammysia  biscukala 

).  ModiomoTpHa  subalala  chemuntfKii . . 

\.  Modiomoipha  subaiala 

).  Lioptnia  dtkayi 

>.   Nucula  Mlislriata 

^   N.  coTbultformis 

).  NuculiUi  Vriquttir 

).  NuculiUi  obioHgslus 

).  Goniophora  hamillontnsh 
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Petecypoda— Continued . 


41.  CimUaria  tlongata 

42.  Pttiinta  fltJxUa 

43.  Pletinoptctm  nrtummts 

44-  Nyassa  arguta 

45.  ElymtUa  inata 

46.  TtUinopsis  subemarpnaUt 

47.  Oiihonota  tmduUaa 

48.  O.  panuia  ? 

49.  Sehiiodus  apprtssus  (S.  ehtHamgfnsis) . . 

50.  Adinopleria  boydt 

51.  Glyplodtsma  ereetum 

52.  Spktnelia  Iruntalus. . 

53.  Para 


Ptrracyclas  lirala. . 


54.  TatniopoTa  txipia 

55.  BtUtropkoti  d.Uda 

1  1  |rr|  X  1— H  X  1— 1 

Pten>poda 

57.  Cokobis  lemiicmelum  > 

1  u;  ;     uj  V 

Trilobitae 

.         .             1    1    1  rr  1  .   1        1        1,1        1 

Plantae 

59.  RhetUa  piimaM  ? 

1    I    1  rr    1    .   1         1         1    T    1         1 

The  moat  frequently  occurring  species  of  Brachiopoda  are  Tropido- 
lepttis  carinatus  and  Spirifer  mucronatris,  while  Chonetes  coronatus  and 
Chonetes  setigera  come  next.    Other  species  recorded  from  more  than  one 

locality  or  subhorlzon  are: 


Spirifer  tuUivi 
8.  granulottts 
Vamarotitchia  congrcgata 
C.  proliftca 
Amboaclia  umhonata 


(3) 
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The  pelecypods  likewiBe  show  the  Hamilton  character.  Of  these 
Palceoneilo  conslricta  is  the  most  frequently  found,  the  next  being  Nucu- 
Hies  ohlongaius.  Other  species  occurring  more  than  once  are  Leda  di- 
versa  {%) ;  Cypricardella  tenuistriata  (2) ;  Liopteria  dsiayi  (2)  ;  Nttcu- 
lites  triqueter  (2) ;  Goniophora  kamiltonensis  (2) ;  Plennea  fiabella  (2) : 
Pterinopecten  rerlumnus  (3)  ;  Nyassa  arguta  (3)  ;  Tellinopsis  subemar- 
ginata  (2) ;  OTthonota  undiilata  (3) ;  Aclinopteria  hoydi  (3). 

Of  other  speciaa  only  Tentaculites  bRllulus,  Coleolus  tenuicinctum, 
BelJerophon  cf.  leda,  Homalonoius  dekayi,  and  Taniopora  exigua  occur, 
the  first  twice,  the  others  in  only  one  Rcction  each. 

The  table  shows  that  out  of  the  59  species  identified  from  the  eastern 
Sherburne,  54,  or  about  91  per  cent,  are  characteristic  Hamilton  fossils. 
Of  the  5  remaining  species,  three  brachiopods — Spirifer  mesistriaiis. 
Crania  leoni,  and  Camarotachia  siephani — are  doubtfully  identified, 
while  the  other  brachiopod,  Liorkynchus  mesicostaiis,  occurs  in  only  one 
locality  and  is  rare.  Moreover,  this  may  be  a  local  development  of  the 
specific  character  from  L.  multicosta  by  the  obsolescence  of  the  lateral 
plications.  The  only  post-Hamilton  pelecypod  Modiomorpka  subaJata 
var.  chemungensis,  of  which  only  a  single  specimen  was  found,  and  that 
not  of  the  typical  form.  Thus  this  eastern  Sherburne  fauna  may  be  re- 
garded as  a  persistent  Hamilton  one. 

The  Sherborne  Horizon  West  of  the  Chenango  Valley 

Westward  from  the  Chenango  Valley,  to  the  meridian  of  Cayuga  T^kr. 
the  "Lower  Portage"  beds  which  overlie  the  Genesee  are  for  the  inosr 
part  sandstones  and  represent  the  horizon  of  the  Sherburne,  bv  wliicii 
name  they  have  come  to  be  known.  On  Cayuga  I^ake  these  beds  exhibit 
the  remarkable  jointing  which  Vanuxem,  Hall,  and  Dana  have  illustralcil 
«nd  which  has  generally  been  regarded  as  flie  liest  example  of  prismatic 
jointing  in  stratified  rocks.  The  thickness  of  these  I.ower  Portage  he-l:' 
is  approximately  250  feet, 

Tbe  fauna  which  has  so  far  been  obtained  from  these  beds  is  listed  in 
the  second  column  of  the  table  on  page  457.  The  list  is  compiled  from 
tlie  studies  of  Kindle  on  this  region,  which  is  perhaps  the  most  ex- 
haustive so  far  made."  The  Ithaca  species  of  the  type  section  are  alf't 
included  in  the  first  column  of  this  list.  In  the  third  column  are  given 
the  species  which  also  occur  in  the  Sherburne  east  of  the  Unadilla  region. 
while  the  fourth  column  shows  those  which  occur  in  the  Hamilton  bed^ 
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of  New  York  as  well.  The  fifth  column  shows  the  species  also  found  Id 
the  Naples  beds,  and  the  sixth  those  also  found  in  the  Chemung.  In 
column  7  the  forms  also  occurring  in  the  lowan  region  are  listed,  while 
tho  final  column,  8,  contains  those  also  found  in  the  eastern  Ithaca. 

In  the  following  table,  rr  =  very  rare ;  r  ^^=  rare ;  re  :=  fairly  common ; 
c  =  common ;  cc  =  very  common ;  x  =  present. 


TabU  II.— Ithaca  Sp«cits  of  Ithaca 

? 

1 

■3 

1 
1 

1 

, 

1 

J 

1 

Coelenterata 

1 

2 

3 

4 

5 

6 

7 

8 

c 

= 

, 

BryozcA 

5.  Callopora  sp - .  - 

6.  Cystodictya  mceki  Nich 

Brachiopoda 


cc 

r 
r 

ii 

c 

1 

- 

X 

- 

X 

^ 

— 

r 

c 

I 

— 

= 

~ 

= 

J 

X 

— 

-i 

> 

— 

z 

f 

25.  P.  ipwiosa  Hall 

26.  Puptax  puinus  (Martin) 

X 

X 

= 

— 

f 

— 

< 

X 

— 
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TaUt  II—taiOnMi 

BndiUqia— Continued 

1 

1 

1 

j 

j 

^ 

! 

1 

1 

i 
1 

1 

2 

3 

4 

5 

6 

7 

8 

re 

cc 
c 

cc 

c 

r 

■■ 

X 

Y 

I 

? 

— 

— 

— 

rr 

I 

c 

X 

— 

38.  Actmopitria  boydi  Hall 

cc 
c 

r 

c 
c 

c 

cc 

c 

IT 

c 
rr 

— 

' 

< 

■ 

« 

I 

I 

« 

— 

— 

— 

X 

- 

i 

X 
X 

LI 

f 

' 

re 

r 

X 

— 

X 

- 

X 

X 

c 

X 

— 

— 

X 

= 

; 

"7 

— 

— 

77 

— 

- 

— 

~ 

— 

X 

^ 

i 

i^ 

~ 

— 

; 

68.  Mylilarea  chemungtnsis  Hall t 

— 

"~ 

c 

n- 

J 

X 

Y 

I 

I 

— 

!_ 

i- 

X 

— 

» 

80.  Pararea  w 

■ 

> 
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TabU  n—amtittutd 
Pelecypoda— Continued 

1 
1 

1 

1 

■ 

j 

1 

1 

1 

1 

1 

2 

3 

4 

5 

6 

7 

8 

81.  Phoiadtlia  raduita  HaU 

C 

c 

E 

— 

* 

— 

X 
X 

r 

— 

— 

JL 

X 

90.  S.  cluniungensis  var.  guadrmtgularis  Hall 

* 

— 

— 

~ 

— 

— 

Gastropoda 


!.  BtUtTophon  exblanoius  ?  HaU 

I.  B.  ithacaenis  Kindle 

LB.  Uda 

I.  DiaphoTostoma  tineatum  var.  callosa  Hall 

i.  Euomphalus  (Straparollus)  hecaU  Hall 

'.LoxoiumaMplticolaiiail 

I.  MaeTotlmb4s  (Holopta)  matroslomus  ?  Hall, , 

>.  Plalyeeras  tarinalum  Hall 

).  PleuTolomaria  capiHaria  Hall 

.  PoTcellia  nais  Hall j^ 


Fteropoda 

c 

\ 

— 

— 

« 

- 

— 

X 

:= 

^ 

X 

E 

y 

106.  SlylioliruifissuTellaHaa 

107,  TentacuHi's  spk-i'ut  Hall 

Cephalopoda 

c 

IT 

C 

- 

X 

X 

- 

z 

- 

- 

~ 

E 

114.  G.  (Tmnoceras)  uniannulare  Con.  ? 

^ 

— 

— 

— 

119.  0.  UmdtT  HaU 

z 

E 

I 
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1 

■3 

i 

1 

2 

K 

J 

1 

5 

1 

6 

1     1 

Cnistacei 

3 

4 

7     S 

122.  M€solhyra  octant  Hall 

Echinodermata 


121.  ArthTacaraha  itkaaumis  H.  S.  W 

125.  PoteTiocTinusclarkiivai.  alpha  n.S.Vi.. 

126.  P.  eorneWianiM  H.  S.  W 

127.  P.  [Decadoerinus)  grtgarius  H.  S.  W 

128.  P.  (DtcadocTinus)  m/Aus  H.  S.  W 

129.  TaxoerinuscuTlus  H.S.yV 

130.  T.  ilhaeaensis  H.  S.  W 

131.  T.  ilhactmsis  var.  alpha  H.S.  W 


132.  Dipltrus  ithacaemis  H.  S.  W. . 


IH-IH-l-l-l- 


133.  Plumulina  plumularia  1^\ 

134.  L^rpiodendTOnsp 

135.  Psilophylon  prinofps  Dawson . . 

136.  Radiopitris  punctata  T)avsor\.. 


It  will  be  observed  that  out  of  a  total  of  45  species  recorded  for  the 
Sherburne  or  Lower  Portage  of  the  Ithaca  region,  13  are  Haniilto" 
forms,  but  only  8,  or  a  little  less  than  18  per  cent  of  the  whole,  occur  «ls.i 
in  the  eastern  Sherburne.  Of  these,  6,  or  75  per  cent,  are  typical  Hamil- 
ton apeciea  and  only  2,  Modiomorpka  subalata  chemungen^  and  Liorhyn- 
ihiis  mesKostalis,  are  super- Hamilton  types.  The  first  of  these  i.*  a 
single  specimen  of  a  shell  "larger  and  longer  .  .  ,  than  any  of  tlu' 
figures  of  the  .  .  .  species"  ,  .  .  found  with  a  Hamilton  fauna 
1T5  feet  above  the  last  occurrence  of  a  typical  Hamilton  fauna  in  Jlarr- 
land  township,  Otsego  County.  The  other  is  represented  by  several  siwi- 
mena  from  sandstones  100  feet  above  beds  with  a  typical  Hamilton  faiina 
near  Schunevus,  also  in  Otsego  County.  It  is  not  impossible  that  tlK'>t' 
may  both  be  in  the  base  of  the  Ithaca,  a  part  of  what  has  been  clas.«ed  a' 
Upper  Hamilton  being  actually  basal  Sherburne, 

»  riomlnanf  npfclcii  if   Ithnm   foraintloii   at   Ilhoca.   c»I1m1  by   Winiams   "Prorfurlf'l* 
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In  any  case,  these  species — providing  their  identification  is  correct, 
which  is  at  least  doubtful  in  the  case  of  the  Modiomorpha — do  not  offer 
any  serious  argument  against  tlie  conclusion  that  the  fauna  of  the  Sher- 
burne east  of  the  Unadilla  and  that  of  the  same  horizon  west  of  the 
Chenango  River  are  distinct,  the  fonner  remaining  a  typical  Hamilton 
fauna,  the  latter  becoming  a  modified  fauna,  influenced  in  part  by  tlio 
Xaples  fauna  of  the  region  farther  west,  of  which  it  contains  several  of 
the  most  characteristic  species.  Judging  from  analogy  with  modem 
faunas,  we  may  conclude  that  the  eastern  region  was  in  constant  con- 
nection with  the  center  of  distribution  of  the  Hamilton  fauna,  and  so 
remained  true  to  type,  while  the  western  region  was  almost  entirely  cut 
off  from  the  further  immigration  of  Hamilton  types,  and  so  became 
modified  into  a  provincial  fauna. 

The  barrier  which  effected  this  separation  was  the  non-marine  phase  of 
the  Sherburne — that  is,  the  typical  Sherburne — which  is  row  shown  be- 
tween tlie  I'nadilla  and  Chenango  rivers  of  New  York.  This  appears  to 
have  been  a  low  sand  bar  about  10  miles  across,  which  extended  from  the 
mainland  to  the  north  as  a  prolonged  bar  or  sand  spit  across  New  York. 
To  the  south  this  bar  extended  into  the  region  of  black  mud  deposition, 
which  served  to  complete  the  barrier,* 

This  is  essentially  the  bar  previously  outlined  by  Dr.  John  M,  Clarke 
(New  York  State  Museum  Memoir  6,  Plate  A),  though  he  has  not  at- 
tempted to  show  its  relationship  south  of  New  York  State.  In  early 
Portage  time  the  eastern  area  was  still  connected  with  the  Atlantic  by 
way  of  the  Ghamplain- Saint  Lawrence  channel. 

If  we  now  consider  the  32  species  recorded  from  the  western  Sher- 
burne which  are  not  persistent  Hamilton  types,  we  can  refer  most  of 
tliem  to  a  probable  ancestor  in  the  Hamilton.  Two  of  the  corals,  Avlopora 
and  Cladockorma,  are  not  specifically  identified,  and  the  same  is  true  of 
one  pteropod.  Two  others  are  plants  which  may  also  occnr  in  the  Ham- 
ilton. This  leaves  27  species  to  be  accounted  for.  They  will  now  l>o 
considered  aeri/iiim. 

Brachiopoda 
11.  Camaralcechia  extmia  Hall 

This  appears  to  be  a  derivative  of  C.  proUfica  of  the  Hnmiltnn. 
which  species  the  young  of  the  present  form  resembles.  The  main 
difference  is  in  the  finer  plications  of  the  later  species,  while  the 
fold  and  sinus  develop  at  a  much  later  stage.  This  species  ap- 
parently does  not  extend  beyond  the  Ithaca  beds. 

•  Spp  mai),  0-  OSC.  tig.  3,  (bis  BuUetln.  vnl.  38. 
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IS.  lAorhynchua  mesicosialia  Hall 

This  species  also  occurs  in  the  Devonie  of  the  Ural  M<jimtaiiis 
of  Russia,  but  has  not  been  reported  from  western  America.  It 
is  characteristic  of  the  Chemung  and  has  also  been  obsened  in  the 
eastern  "Sherburne,"  This  form,  as  Hall  a&ys,  may  readily  In' 
derived  from  L.  quadricosta  and  L.  mullicosta  of  the  Hamilton  i>y 
suppression  of  the  lateral  plications.  Variations  within  the  Ham- 
ilton species  not  infrequently  lead  to  such  obsolescence.  Tlie 
specimens  from  the  eastern  Sherburne  may  thus  be  independently 
derived. 

2G.  Pugnax  pugnus  (Martin) 

This  is  clearly  an  invader  from  the  western  fauna  wliich  char- 
acterized the  Dakota  Sea.  Its  appearance  in  the  upper  part  of  the 
Sherburne  is  remarkable.  It  occurs  again  240  and  400  feet  above 
this  formation  in  the  Ithaca.  Its  latest  invasion  seems  to  be  wiih 
the  High  Point  fauna. 

31.  Reticvlaria  lavts  Hall 

This,  the  most  characteristic  species  of  the  western  Sherburm-. 
is  a  derivative  from  the  Hamilton  species,  R.  fimbriata.  As  shown 
by  H.  S.  Williams,"  some  specimens  of  R.  leevis  still  shmv  ihc 
fimbriated  plicie  near  the  anterior  margin.  The  process  seems  t" 
have  been  one  of  retardation,  the  plicte  appearing  later  and  later, 
until  in  most  cases  they  did  not  appear  at  all. 

36,  Stropheodonla  mucronala  Hall 

This  species  appears  to  be  a  direct  derivative  of  S.  perplana  of 
the  Hamilton  group.  The  variety  tullius  of  the  TuUy  limestone 
is,  according  to  H.  S.  Williams,  an  intermediate  form  between 
the  two. 

Pelecypoda 

39.  Actinopteria  perslriaiis  Hall 

40.  Actinopteria  tenuistriala  Hall 

Two  small  species  derivable  from  Hamilton  ancestors. 
43.  Aviculopecten  lautus  var.  itkacmnsis  Kindle 

Derived  without  doubt  from  the  Hamilton  species  A.  lauttis. 

New  ToA  Academy  of  8ci«nce9 
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44.  AviaUopecleft  Tugirslriatus  Hall 

Undoubtedly  derived  from  Hamilton  species  of  the  genus,  of 
which  there  are  several  rather  closely  related  odcs. 

4'J.  Glossites  depressus  Hall 

Not  unlike  the  Hamilton  0.  aubtenuis  from  which  it  may  ho 
derived, 

52.  Grammysia  subarcvata  Hall 

This  seems  to  be  a  derivative  of  the  Hamilton  0.  arcuata,  with 
which  the  young  agrees.  In  the  adult  it  is  more  elongate  and  has 
a  more  pronounced  cincture  than  the  Hamilton  species. 

5.t.  Leda  (Nuculana)  curta  Meek 

This  was  described  from  the  Saint  Louis  limestone.  It  is  prob- 
ably a  mistaken  identification. 

57.  Leptodesma  sociale  Hall 

This  might  readily  be  a  modification  of  L.  rogersi  of  the 
Hamilton. 

61.  Modiomorpha  subalata  var.  chemungensis  Hall 

This  is  a  modification  of  the  characteristic  species  of  the 
Hamilton  group.  The  main  cliange  is  in  proportion,  the  variety 
being  larger. 

68.  MylHarca  chemungensis  Conrad 

The  derivation  of  this  form  is  not  clear. 
71,  IfuaUa  diffidens  Hall 

This  appears  to  be  derived  from  Niicula  yandelH  of  the  Ham- 
ilton, which  the  young  stages  suggest. 

7T.  PalfFoneilo  filosa  (Conrad) 

Allied  to  P.  fecunda  of  the  Hamilton  group,  from  which  it  ap- 
parently is  derived. 

87,  Pterockwnia  fragilis  Hall 

This  is  an  immigrant  from  the  Naples  fauna  in  the  western 
part  of  the  State. 

31.  Spathella  typica  Hall 

The  derivation  of  the  form  is  doubtful. 
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Pteropoda 

102.  Colcolus  adcittvm 

An  immigrant  from  the  Naples  fauna. 
106.  StylioUna  fismrella  Hall 

An  immigrant  from  the  Naples  fauna. 

Cephalopoda 
108.  Gompkoceras  tumidum  Hall 

Affinities  not  ascertainable. 
112.  Goniatites  sinuoaus  "BaU 

An  immigrant  from  the  Naples  fauna  to  the  west. 
115.  Ortkoceraa  anguK  Hall 

Possibly  derived  from  0.  auUtx  of  the  Hamilton,  a  relateil 
though  larger  species. 

Crustacea 
123,  Mesothyra  oceani  Hall 

Probably  one  of  the  river  phyllocarids  of  the  period. 

Echinodermata 

These  are  all  new  forme  and,  an  the  crinoid  fauna  of  the  Hamilton  U 
still  little  known,  no  comparison  can  be  made. 

It  is  thus  seen  that,  where  comparisons  are  possible,  newly  appearin;: 

sjjecies,  wiien  not  immigrants  from  the  Naples  fauna  or  the  western 

(lowan)  fauna,  are  all  referable  back  to  some  Hamilton  ancestor.   Tliis 

is  extremely  significant  and  shows  that  the  connection  with  the  main 

abiding  place  of  the  Hamilton  fauna  was  severed.     That  this  abidin;.' 

niare  was  in  the  east  is  shown  by  the  persistence  there  in  unchac^ei! 

Iton  fauna  in  post-Hamilton  time.  .  I  place  tl'i* 

in  the  Atlantic.     That  the  Sherburne  bar  w»* 

e  new  formed  fauna  out  of  the  eastern  ares  is 

of  species.    That  it  disappeared  as  a  barrier  after 

'cet  of  sandstone  is  shown  not  only  by  the  t"**!!- 

le  beds  overlying  the  typical  Sherburne  of  ili'' 

ion,  but  also  hy  the  fact  that  then  the  persisli'"' 
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llantilton  species  could  invade  the  Ithaca  region  wliile  the  uew  formed 
t^pecies  of  that  province  spread  eastward  into  the  area  formerly  held  by 
a  pure  Hamilton  fauna.  This  mixed  fauna  is  the  Ithaca  fauna,  and 
that  it  is  composed  of  the  mingling  of  the  pure  Hamilton  fauna  from  the 
east  and  the  provincialized  and  modified  Hamilton  fauna  from  the  Ithaca 
region  is  seen  in  the  preponderance  of  the  latt«r  type  of  species  in  the 
Ithaca  fauna  of  the  type  region  and  of  the  Hamilton  species  in  the  Ithaca 
fauna  of  the  east.  < 

The  Ithaca  Fauka 

'i'he  Ithaca  beda  and  famia  were  first  named  by  H.  S.  Williams  from 
the  oocurrence  of  this  fauna  above  the  Lower  Portage  (Sherburne)  in  the 
Ithaca  region.  It  was  a  fortunate  coincidence  that  the  fauna  was  named 
from  this  region,  since  its  distinctive  species  developed  here,  as  first 
pointed  out  by  Dr.  J.  M.  Clarke,  occupying  at  first  in  their  purity  the 
Sherburne  or  Lower  Portage  beds.  Then  the  Ithaca  congeries  was 
formed  by  the  commingling  of  this  fauna  with  the  Hamilton  fauna  from 
the  east.  The  Ithaca  fauna  ranges  here  through  a  considerable  thickness 
of  strata  and  is  finally  replaced  by  the  Chemung  fauna.  Westward,  as 
Ahown  by  John  M.  Clarke,  the  corresponding  Portage  beds  carry  the 
Naples  fauna,  from  which  Ithaca  species  are,  however,  excluded, 

A  study  of  the  table  on  page  437  brings  out  the  following  facts:  Of 
the  124  forms  listed,  7  are  not  specifically  identified,  leaving  117  species. 
Of  these  10  are  doubtful,  6  being  Hamilton  forms.  There  thus  remain 
107  identified  species  from  the  Ithaca  formation  of  Ithaca.  Of  these 
30,  or  3G.45  per  cent  are  Hamilton  species,  12  are  Naples  species,  but  3 
of  these  are  also  Hamilton  forms,  leaving  9,  or  8.41  per  cent,  added  from 
the  Naples  fauna.  Finally,  there  are  3  pure  lowan  types.  This  makes 
a  total  of  51  "foreign"  species  in  the  Ithaca,  leaving  56  indigenous  ones. 
Of  these  18  occur  in  the  Lower  Portage  or  Sherburne  of  the  Ithaca 
region,  leaving  38  new  forms  not  yet  accounted  for.  When  compared 
with  the  Hamilton  species,  nearly  all  can  be  recognized  as  derivatives 
from  that  fauna,  as  was  the  ease  with  the  modified  species  of  the  under- 
lying Sherburne.  In  the  following  list  it  is  attempted  to  refer  these 
fqtecies  to  tlteir  nearest  Hamilton  relative. 

Brachiopoda 
10.  Camarotcechia  contracta  "He.}] 

There  are  several  Hamilton  species  from  which  this  could  be 
derived.  Possibly  C.  dotlf  most  nearly  fulfills  the  requirements 
for  an  ancestor. 
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13.  C.  stepkaniBM 

This  may  have  a  similar  ancestry. 

23.  Orbicul&idea  neglecta  Hall 

Thia  is  so  far  known  only  from  the  Ithaca  group.  It  ms; 
readily  be  a  descendant  of  one  of  the  regular  Hamilton  types  like 
0.  seneca,  with  which  Hall  compares  it,  or  perhaps  0.  doria. 

24.  Productella  haHajui  Walcott 

This  is  a  Bpecies  derived  from  the  lowsn  and  farther  west 
Upper  Devonic.  It  occurs  in  the  High  Point  fauna.  .\t  Ithaii 
it  occurs  380  feet  above  the  Sherburne. 

25.  Productella  speciosa  Hall 

This  species,  like  the  preceding,  may  be  of  western  origin.  It  is 
not  impossible  that  it  is  derived  from  some  of  the  species  of  the 
Traverse  gi-oup.  Its  derivation  from  typical  Hamilton  forms  is 
not,  however,  excluded.  Its  young  has  fewer  spines,  like  some  of 
the  smoother  mid-Devonic  species.  It  occurs  also  in  the  Xaoles 
fauna. 

28.  Schizophoria  impressa  Hall 

This,  like  all  the  Middle  Devonic  schizopborias,  seems  to  be  an 
immigrant  from  the  west,  occurring  first  in  the  Tuliy  (S.  iul- 
liensis).    It  is  not  characteristic  of  the  typical  Hamilton. 

32.  Spirifer  jnesistruilis  Hall 

This,  according  to  H,  S,  Williams,"  is  a  derivative  from  the 
Upper  Hamilton,  S.  Inlliits,  a  form  also  characteristic  of  the  Tullv, 

33,  Spirifer  mucronatus  var.  postevs 

This  is  a  modification  of  the  ubiquitous  S.  murrotiatm  of  tlie 
Hamilton  group.  It  often  shows  a  median  plication  in  the  siiiii;. 
as  is  not  infrequently  the  case  in  some  Traverse  group  mutation^ 
of  this  species, 

37.  Siropkeodonta  {Leptostrophia)  perplana  var,  nervosa  Hall 

This  is  a  derivative  of  the  Hamilton  form  characterized  by  tliv 
irregular  and  often  noded  striie.  The  young  has  the  characterj  kI 
8.  perplana.  It  sometimes  shows  strongly  mucronate  cardinal 
angleH. 

ull.  Geol.  Soc.  Am.,  vol.  1,  p,  401. 
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Peleeypoda 
41.  Avicuhpfclen  caticellatus  Hall 

This  may  be  a  derivative  of  one  of  the  small  aviculopectens  of 
the  Hamilton,  such  as  A.  idaa  or  A.  scabridm,  with  wliich  the 
young  of  our  species  agree  in  form, 

45.  Aviculopecten  striatus  Hall 

Of  Hamilton  ancestry. 
4T,  Conocardium  lirafum  Hall 

Probably  derived  from  C.  denticulatum  of  the  Hamilton. 
48.  Edmondia  gubovata  Hall 

The  species  of  Edmondia  are  all  post-Hamilton  and  are  prob- 
ably immigrants  from  some  western  fauna. 

51.  Ooniophora  minor  Hall 

A  small  form — undoubtedly  derived  from  a  Hamilton  species 
of  the  genus. 

56.  Leptodesma  naviforme  H^ll 

Derived  from  some  Hamilton  species  of  the  genus. 
59.  Macrodon  chemungensis  Hall 

Clearly  derived  from  M.  hamiltonia,  with  which  the  young  agree 
closely. 

61.  Microdon  (Cypricardella)  gregarius  Hall 

This  is  a  modification  of  M.  bellistriatvs  of  the  Hamilton.  It 
occurs  in  the  Upper  Hamilton  and  passes  into  the  Ithaca  and 
Chemung. 

65.  ModiomoTpka  neglecta  Hall 

Probably  derived  from  M.  stihaiata. 
69.  Mi/lHarca  umbonaia  Hall 

Derivation  doubtful. 
13.  Palceoneilo  fiexuosa  (Conr.) 

A  modification  of  the  Hamilton  P.  constricla. 
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S4.  Pterinea  {Yertumnia)  reproba  Ha\X 

This,  too,  seems  to  be  a  derivative  of  the  Hamilton  Pterinopecten 
of  the  vertumnus  type,  or  it  may  be  a  modification  of  the  pre- 
ceding form. 

85.  Pterinopecten  erectas  Hall 

This  is  likewise  a  derivative  of  the  Hamilton  species,  probably 
P.  vertummis,  with  which  the  young  seems  to  agree. 

86.  Pterinopecten  suborbicvlaris  Hall 

Derived  from  one  of  the  numerous  Hamilton  species  of  the 
genus. 

88.  Ptychodesma  nanum  Hall 

The  related  Hamilton  species  is  P.  knappianum  Hall. 

89.  Schizodus  chemungensis  Conrad 

This,  as  Hall  suggests,  is  closely  related  to  S.  appreasua  of  the 
Hamilton,  being  "probably  only  a  variety  of  that  species,  which 
lived  under  different  conditions." 

90.  8.  chemungeneia  var.  qvadrangulana  Hall 

A  modification  of  the  preceding. 

Gastropoda 

92.  Belleropkon  ezplanatus  Hall 

Possibly  8  Hamilton  form  or  derived  from  such  a  form  as 
B.  natator, 

93.  B.  ithacaensis  Kindle 

Affinities  not  ascertained. 
96.  Euomphaiiis  hectUe  Hall 

Seems  to  be  most  nearly  related  to  E.  inops  of  the  Schoharie. 
101.  Porcellia  mis  Hall 

Probably  a  derivative  of  the  Hamilton  (Delaware  limestone) 
species,  P.  hertzeri  Hall. 
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Pteropoda 
104.  Conularia  congregaia  Hall 

This  may  be  a  derivative  of  C.  eayuga  or  C.  continent,  both  of 
the  Hamilton  group. 

107.  Tentactiiiles  splculus  Hall 

This,  though  smaller,  may  be  a  derivative  of  T,  bellulm  of  the 
Hamilton. 

Echinodermata 

The  species  of  crinoids  found  in  the  Ithaca  all  appear  for  the  first  time. 
Their  relationahips  to  other  species  are  not  known- 
Cephalopoda 

116.  Ortkoeeras  bebryx  var.  eayuga  Hall 

A  modification  of  0.  bebryx  of  the  Hamilton  group. 

117.  0  demusRa.]\ 

118.  Ortkoeeras  fulgidum  Hall 

Confined  to  the  Ithaca  beds. 
11!).  Orthoceraa  leander  Hall 

Also  in  the  Chemung 
120.  0.  pacuior  Hall 

Probably  an  immigrant  from  the  Naples  fauna.  All  these 
smooth  forme  are  probably  derived  from  Hamilton  species,  but 
precise  relationships  can  not  be  determined. 

131.  0.  pertextum  Hall 

An  annulated  form  with  distinctive  surface  markings;  con- 
fined to  the  Ithaca;  derivation  not  known. 

The  eastern  Ithaca  Phase 

The  faunal  characteristics  of  the  eastern  Ithaca  beds  are  obtained  from 
tlie  list  of  species  given  by  Dr.  John  M.  Clarke  for  Chenango  and  Cort- 
land counties"  and  by  Prosaer  for  these  beds  from  78  localities  dis- 
"  Jobn  M.  Clark* :  Anna*)  Rfport  of  the  Bute  Oeotogtit  a(  Neir  Yort  tor  18011. 
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tributed  between  the  Chenango  Kiver  and  the  Schoharie  Valley  on  the 
north  and  the  Fort  Jerris  region  on  the  south.  In  Table  III,  pages  45^ 
459,  these  species  are  listed  first  for  Cheoaiigo  and  Cortland  counties 
according  to  Clarke,  and  then  under  six  headings  which  represent  the 
localities  from  west  to  east  studied  by  Prosser,  as  follows; 

1.  ('henango  Valley. 

2.  Unadilla  Valley. 

:i.  Susquehanna  Valley. 

4.  Charlotte  Valley. 

5.  Schoharie  Valley. 

6.  Green  County  and  Port  Jeiria  region, 

lu  each  of  these  six  groups,  the  first  column  shows  the  number  of 
localities  from  which  the  species  has  been  reported,  and  the  second  the 
summarized  abundance  for  that  group  of  localities.  In  the  next  five 
columns  the  occurrence  in  other  formations  is  given,  while  the  last  group 
of  columns  represents  an  analysis  as  to  the  origin  of  the  Yarious  element.-; 
of  the  fauna. 

It  should  be  noted  that  the  Ithaca  fauna  ranges  through  several  hun- 
dred feet  of  strata  in  the  western  sections,  but  becomes  more  and  more 
restricted  as  we  approach  the  Schoharie  region,  where  the  continental 
Oneonta  beds  appear  at  successive  lower  horizons. 

On  the  east  side  of  the  Schoharie  Valley,  in  Molieganter  Hill,  tlie 
Ithaca  is  scarcely  represented  by  fossiliferous  beds,  there  being  a.  few 
strata  with  fragments  of  fossils  of  this  horizon,  above  the  coarse  sand- 
stones referred  to  the  Sherburne  and  below  the  red  beds  of  the  Oneonta, 
which  latter  type  of  sedimentation  here  begins  lower  than  it  does  farther 
west;  as  demonstrated  by  Prosser.  Even  on  the  west  side  of  the  Schoharie 
Valley  the  Ithaca  is  better  developed,  covering  the  high  part  of  the 
plateau  to  the  south  of  Panther  Creek  and  west  of  the  Schoharie  River,  in 
the  southern  part  of  Fulton  township.  Except  for  the  abundant  repre- 
sentation of  Spirifer  mesieirialis  Hall,  the  fauna  is  essentially  a  Hamil- 
ton fauna.  A  remnant  of  the  Ithaca  fauna  of  a  pure  Hamilton  aspect  is 
found  in  the  Catskill  Creek  section  in  Green  County,  where  the  followin'^ 
species  occur  470  feet  above  the  first  appearance  of  the  red  bedp  of  tho 
()neonta  type  (Prosser,  p.  270) : 

1.  Spirifrr  mncrotiatu*  (small)"  (c) 

2.  Srhucherteila  chemungrwiii  arrtogtrlata  (a> 

3.  Tropiitoleplus  carinatHt  (r) 

4.  Homaionotm  dekajrt  (rr) 
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5.  Nilcttlitet  triqaeter  (rr) 

6.  Chonetvt  tcitutn  (c) 

7.  Palavneilo  conttricto  (rr) 

As  we  pass  southward  the  base  of  the  continental  series  descends,  until 
in  the  Kingston  region  the  continental  sediments  comprise  more  than 
one-third  of  the  Hamilton  series.  This  will  be  more  fully  discussal 
below. 
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The  17  speties  starred  in  the  foregoing  table  are  given  by  Williams-'" 
as  dominant  specios  of  the  Ithaca  fauna  at  Ithaca.  Three  others  of  tliat 
list  do  not  occur  in  the  eastern  Ithaca.    These  are : 

PaleoneUo  fllo»a. 
Oi/»todictsa  meeJU. 
Orthocerai  bcbrj/x  var.  caj/uga. 

The  12  speciea  marked  by  a  dagger  (f)  are  considered  by  Williams  tin- 
dominant  types  of  the  eastern  extension  of  the  Ithaca  fauna.  It  will  W 
observed  that  S,  or  half  of  the  number,  are  also  dominant  at  Ithaca,  ilie 
remaining  6  being  typical  Hamilton  species.  The  double  dagger  I  *,  i 
indicates  species  of  the  Traverse  fanna  of  Michigan  and  Iowa,  also  inaTke<] 
xt  in  Table  III. 


:.„{+},< 


Where  the  numbers  in  the  columns  are  double,  as  ■{  +  k  or  2  +  1,  the 

10 

first,  or  upper,  figure  refers  to  the  number  specifically  identified,  the  sec- 
ond, or  lower,  figure  to  the  number  doubtfully  )denti6ed. 

Table  [V. — Summarj/  of  Species  of  Ithaca  Fauna  of  Chfnani/o  and  Corlland 
Countie*  iClarke's  LitU) 


ClasiM. 

.X 

1  HrmmoD 

lET 

Trae 

nbaca 

lorras- 

NiplM 

ATithozoa  

1 
1 

29 
37 

fl 
.t 
3 
3 

86 
100. 

2i" 
2n 

h 

60 
69.77 

i'"' 

2 

3 
3.49 

'5'" 

•2 

1 

10 
11.63 

■ft" 

B 
S.9S 

1 

Brachtopoda   

1 

(iiiHtropoda  and   Ptero- 
poda 

■ 

Crttioiden 

Total 

Percentage 

S.14 

This  summary  shows  the  predominant  Hamilton  character  of  this 
faana,  nearly  70  per  cent  of  the  species  being  of  this  origin.  Of  the 
Ithaca  forms,  which  include  both  of  those  Ithaca  species  which  are  fouo'l 
in  the  type  region  and  the  "late  Ithaca,"  which  have  so  far  been  founi 
only  in  the  Chemung,  there  are  18.61  per  cent,  or  16  species,  as  com- 

"null.  V.  S.  Geol.  Run-or,  210,  p.  74. 
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SpeclBcal]]'  Identl- 


WHtcrn  Sberbnnie.  { 
Kantern  Sbrrbunie.  | 

I 

Hamilton. 
Cb^mDRK. 

ttbRca  ImmlgraDtR.  j 
KaplFB  immlgrftnta. 

Chemuns    not    tn  ' 
Itbsc*.  I 

Iow>  ImmlKTtntB.    I 
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pared  with  60  Hamilton  species.  Of  the  remaining  10  forme,  3  are  hold- 
overe  from  the  Traverse  fauna  of  the  interior,  and  7  are  immigrants 
from  the  N^aplee  fauna. 

In  the  next  table  (V,  page  461)  the  species  from  the  eastern  flectiooa 
are  analyzed  from  Proaser's  determinations. 

An  inBpection  of  this  table  will  show  that  out  of  a  total  of  184  apeiilic- 
ally  identified  forma,  97,  or  78.S3  per  cent,  including  22  doubtful  forms. 
are  Hamilton  types,  while  15,  or  13.1  per  cent,  are  immigrants  from  tlic 
Ithaca  region,  where  the  indigenous  Portage  fauna  developed — that  if, 
west  of  the  Shebirrne  bar. 

Of  the  13  remaining  species,  3  are  immigrants  from  the  Naples  fauua. 
two  are  unnamed  varieties  of  Hamilton  species,  and  7  (3  brachiopods  aii<l 
5  pelecypods)  are  Chemung  species,  not  yet  recorded  from  the  typical 
Ithaca  fauna.  Of  these  i  pelecypods  are,  however,  only  doubtfully  identi- 
fied and  the  fifth,  Qrammysia  elliptica,  positively  only  from  a  single 
locality,  while  the  two  brachiopods,  Sckuckertella  chemvngensis  aii'l 
Spirifer  meaxcostdUa*"  both  occur  in  the  Ithaca  of  the  Chenango  Valley 
and  may  also  be  found  in  that  of  the  type  region. 

It  is  thus  a  significant  fact  that  the  species  not  holding  over  from  the 
Hamilton  are  practically  all  characteristic  of  the  Ithaca  fauna  of  the 
t>'pical  Ithaca  r^on  or  are  Naples  immigrants,  and  we  may  therefore 
conclude  that  these  species  passed  eastward  across  the  former  Sherburne 
barrier  to  commingle  with  the  residual  Hamilton  types. 

This  ability  to  enter  the  eastern  waters  and  live  side  by  side  with  the 
unmodified  Hamilton  fauna,  which  was  constantly  replenished  by  nev 
arrivals  from  the  Atlantic,  clearly  show  that  the  Sherburne  bar  was  no 
longer  an  effective  barrier,  but  that  it  became  submerged  early  in  Portage 
time. 

In  the  following  table  the  relationships  of  the  western  (typical),  central 
(Chenango  and  Cortland  counties),  and  eastern  Ithaca  faunas  are  shown, 
all  the  doubtfully  identified  species  being  excluded. 

"The  apeclineiu  IdeDtlHed  br  Proiier  ■ 
8.  mueronattia  rar.  pottenu,  eapeelally  i 
VnUer  are  moitl;  quotlooed  by  Prosser. 
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C0MP06ITI0N    AND   RBLATIOK SHIPS    OF   THE    FACN.^S 


1  lihaca  at  llbaca  r*. 
1                 Bkin. 

.thaCH  of  ChCDBDEO 

■nd  Corltaod 
counlks  (Clarke) 

llhaca    eail    ol 
Ch  cnaDEO  Vti- 
lev(Pro.!.«r)- 

SpvciBi.                     1 

Nombw     Peroenl- 
,  >[«clet.   1      ■«'■ 

M  umber 

"S- 

eicladlng  Uuwe  doubt-                  i 

fullr  IdenUfled  107           100.00 

Hsmllton  species 39            36,45 

Xsples  spedee  8              8.40 

8fl     ;    100.0 
60          69. T7 
T     :       8.14 
.1            3.40 
10          11.63 

6            6.98 

1 

102          lOO'o 
83            81.36 
2              1.06 

Newor  !thaca  spedefl..        56"          62.35 
New  varieties  of  H»ini- 

iltun  species 

ChfmunK    species,     not 

recorded  from  Ithaca 

fauna    

12 
3 

11.76 
1.96 

2.94 

This  comparisoii  very  clearly  shows  that  the  Ithaca  fauna  west  of  the 
funner  Sherburne  bar — that  is,  in  the  region  of  the  ancestral  home  of 
t!ie  Ithaca  fauna — ie  modified  only  to  a  moderat«  degree  by  the  immi- 
^'rant  Hamilton  fauna  from  the  east  (or  the  persistent  Hamilton  types 
within  the  Ithaca  basin ) .  The  Hamilton  element  constitutes  only  36.5  per 
tent  of  the  whole  of  the  Ithaca  fauna  in  the  type  region,  while  nearly  53.5 
|Kr  cent  of  the  fauna  are  new  types,  developed  in  situ  from  the  preceding 
Hamilton  fauna.  In  the  eastern  region,  however,  the  fauna  of  the  Ithaca 
Ms  is  still  largely  a  Hamilton  one,  species  of  that  type  constituting 
''-t  1/3  per  cent  of  the  whole,**  while  only  16  3/3  per  cent  are  immigrant 
ItliHcn  and  Naples  species  from  the  Ithaca  region.'*  The  central  region 
is  intermediate,  showing  about  70  per  cent  Hamilton  and  18.6  per  cent 
Ithaca.'*  An  inspection  of  the  larger  table.  III,  will  show  that,  with 
few.  almost  negligible,  exceptions,  the  immigrants  from  the  western  area 
are  confined  to,  or  at  least  most  common  in,  the  more  westerly  portion  of 
tlip  eastern  region — that  is,  that  nearest  the  home  of  the  Ithaca  fauna. 
It  is  also  apparent  that,  whereas  in  the  Ithaca  region  nearly  8.5  per  cent 
<^r  the  Ithaca  faun  a,  consists  of  N'aples  species  and  2.8  per  cent  of  lowan 
>!><-cie.«,  the  eastern  Ithaca  fauna  has  only  about  2  per  cent  of  its  total 

■■  Tbit  Inclnda  the  18  ipeclea  which  make  their  Oral  appearance  Id  the  Sherburne  or 
Lower  Portaie  of  the  Ithaca  region. 

'  Inclndtng  the  two  new  varieties  of  Hamilton  ipeclea. 

■*Tbla  Includea  the  three  Chemnng  Bpeclea  not  j-et  reported  from  the  Ithaca,  but 
pmlablj  occurrlni  there. 

"This  Ineludea  the  all  CbemiiDR  kpeclea  not  j'el  recorded  from  the  tjplcal  Ithaca. 
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derived  from  the  Naples  and  none  from  the  lowan  fauna.     The  central 
region  is  again  essentially  intermediate. 

II  g  Paleooeooeaphic  Concldsionb  drawn  fhom 

ol  g  THE  Fadnal  Distribution 
Sa  g 

b  ■  =  We  may  now  attempt  to  outline  the  sequence 

^  Sm  *'^  events  in   North   America  dimng  Portage 

S  ^  o  time  as  indicated  by  the  faunas  and  Eedimeots 

C           80  (st'e  section,  figure  2).     The  Hamilton  period 

o        "  S  -o  came  to  a  close  with  the  contraction  of  tie 

■^        o  I S  North   American   epeiric  sea  and   ita   division 

0        §  3  g  into  three' distinct  hasins,  separated  in  part  at 

£  a  **  5  ^  least  by  land  barriers.     Before  the  separation 

"-  S  ^  I  5  was  completi.',  however,  members  of  the  lowan 

1°  I    ■  "S  I  Tra\erse   fauna   were   temporarily   enabled  to 

g   5  u  S  enter  New  York  district.    This  gave  us  the  lead- 

»   ^  « I  ing  elements  of  the  Tally  fauna,  such  as  Hypo- 

I    1^  .  thyris  aihoides,  Pugnax  pugnus,  Schuopkoria 

8   ^  °  =  luUiensis,  etcetera,  which  continued  to  flourish 

I   ^  g "  during  the  period  of  deposition  of  the  Tullj 

I  I  a  I  liniestonc.     That  isolation  of  the  central  Nev 

^  -    «  f'=  York  area  was  effected  soon  after  the  incursion 

.^  s   I  a  I  „f  the  westorn  fauna  is  shown  by  the  fact  that 

<«  I    S  a  5  ihe  residual  Hamilton  fauna  began  to  undergo 

■■"1    *  ■a  5  the   modification  which  eventually  led  to  the 

E  f   "  I  g"  Ithaca  fauna.    This  separation  was  effected  on 

C  "    °  o  I  the  east  by  the  Sherburne  bar,  which  extended 

^   I   1 1  ^.  g"  from  tlie  old  land  of  Atlantica,  in  the  nortli. 

i   2  ■  S  3  southward   through   Pennsylvania,   possibly  as 

l!s  "  S  far  as  the  Harpers  Ferry  region,  cutting  off  an 

=  6  35  ea.stern  arm  of  the  Atlantic  from  the  central 

§  £  ^  g  ba.<iin.    In  this  eastern  arm  the  Hamilton  fauna 

g  "S  "  s  continued  to  flourish  in  its  purity,  though  inucli 

II "  w  restricted  as  to  numbers  of  species  on  account 

^  1 1  £  of  the  less  favorable  facies  of  the  sea  bottom. 

«  g  "  «  That  the  fauna  nevertheless  remained  true  to 

I  f  J  I  type  can  only  be  explained  by  the  assumption 

I  =  S  -S  of,  continued  connection  with  the  center  of  dif- 

S  II  tribution  of  the  Hamilton  faima.     This  center 
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appears  to  have  been  in  the  Atlantic  of  that  day,  and  the  connection  could 
oqIj  have  been  in  the  Saint  Lawrence  region,  since  the  faciee  of  the  early 
Upper  Devonic  deposits  to  the  south,  in  Maryland  and  Virginia,  changes 
to  black  mnds,  which  indicates  estnarine  conditions,  and  the  dwarfed 
fauna  of  which  indicates  low  salinity  of  the  waters.  These  same  estnarine 
muds  which  embraced  the  lower  end  of  the  Sherborne  Bar  seem  to  have  . 
been  instrumental  in  preventing  the  Hamilton  faona  from  migrating 
around  the  lower  end  of  that  bar  into  the  central  New  York  basin.  The 
relation  of  the  bar  and  the  currenta  which  distributed  the  muds  in  the 
estuary  seem  to  have  been  such  as  to  cause  the  chief  mass  of  these  muds 
to  be  spread  to  the  west  of  the  Sherburne  Bar,  Here  they  constitute  the 
Genesee,  West  River,  and  Middlesex  shales,  all  of  which  thin  away  west- 
ward and  northward  from  south  central  New  York. 

It  is  quite  clear  that  the  changes  which  brought  about  the  separation 
of  the  central  New  York  and  eastern  basin  by  the  Sherburne  Bar,  and 
which  inaugurated  the  deposition  of  the  black  muds  on  the  south  and 
the  more  or  less  oxidized  continental  Oneonta  sands  and  muds  on  the 
western  slopes  of  Appalachia,  also  resulted  in  the  separation  of  the  lowan 
and  New  York  areas,  but  only  after  the  final  immigration  of  the  Cuboides 
fauna.  From  Buffalo  westward  through  Ontario,  Michigan,  Ohio,  In- 
diana, Illinois,  Wisconsin,  and  Iowa,  as  well  as  throughout  most  of  the 
Rocky  Mountain  region,  dry  land  conditions  came  into  existence  after 
the  deposition  of  the  Hamilton  Traverse  formation;  for  everywhere  we 
find  the  Hamilton-Traverse  or,  in  ita  absence,  the  older  formations  suc- 
ceeded by  an  erosion  interval,  there  being  everywhere  a  marked  discon- 
formity  between  the  Middle  and  Upper  Devonic  beds.  This  discon- 
formity  probably  extends  to  the  shores  of  James  Bay,  where  in  the  Abitibi 
River  Savage  and  Van  Tuyl  found  shales  with  a  Chemung  fauna 
(Liorhynckus  mesacostalis  and  L.  globidiforme)  resting  upon  Traverse 
beds.*'  It  is  quite  probable,  however,  that  in  the  far  northwestern  region 
(northwest  Canada  and  Colorado)  the  deposition  was  continuous  from 
Middle  into  Upper  Devonic  time,  and  it  was  here  that  the  Traverse  types 
largely  persisted  into  the  Upper  Devonic. 

In  the  central  New  York  region,  deposition  after  the  separation  of  the 
basins  began  with  the  Tully  limestones.  This  lime  mud,  as  I  have  else- 
where shown,"  was  probably  derived  from  a  series  of  reefs  which  existed 
north  of  the  line  of  present-day  outcrop  of  the  limestone  and  which  have 

B  Comraanlcattoii   to  tbc  GeoloslMl  Socttty  a(  America.   Albanr  meeting,   December. 
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been  entirely  removed  by  the  long  post-Paleozoic  eroeioD.  The  Tullj  k« 
was  limited  on  the  southwest  by  lowlands  bordered  by  stagnant  pools,  in 
wbieli  the  fauna  became  dwarfed.  This  produced  the  well  known  pyritt 
layer  of  the  Tully,  which  can  be  traced  from  the  Gwiesee  River  to  Erii- 
County.  The  foasila  in  this  layer  are  on  the  average  only  one-fifth  the 
size  of  the  normal  Tully  or  Hamilton  species.  On  the  east  the  Tully  Sea 
vaa  limited  by  the  Sherburne  Bar,  and  on  the  south  by  the  encroachiu^' 
eetuarine  muds  of  the  Genesee,  which  progressively  overlapped  the  Tully 
northward.  (See  the  map  on  page  955  of  volume  28  of  tlie  Bulletin  of 
the  Geological  Society  of  America.) 

The  Tully  fauna  inaugurated  the  local  modification  of  that  remnant 
of  the  Hamilton  fauna  which  was  isolated  by  the  formation  of  the  Sher- 
burne Bar  and  the  elevation  which  cut  off  the  Traverse  fauna  from  the 
west.  Not  all  forms  became  modified  at  first,  since  the  condition  of 
deposition  and  the  facies  of  the  sea  bottom  remained  favorable;  but  vc 
can  trace  the  slow  modification  of  this  fauna  into  the  Ithaca  fauna,  whicti 
developed  under  the  influence  of  complete  isolatiou  and  separation  from 
the  center  of  migration  of  the  Hamilton  fauna.  Subsequently,  indee<l. 
this  fauna  became  an  integral  part  of  the  highest  Devonic  or  ChemuDg 
fauna,  as  was  long  ago  pointed  out  by  Dr.  J.  M.  Clarke. 

The  Sherburne  sandstone,  which  succeeds  the  Tully  in  the  llhacn 
region  and  westward,  carries  chiefly  this  modified  fauna,  though  36  jwr 
cent  of  the  species  still  represent  Hamilton  types.  The  descendants  of 
the  lowan  fauna  likewise  continue  into  the  Sherburne  and  even  the  Ithaia 
periods.  With  the  close  of  the  Tully  deposition,  however,  the  pelayif 
ICaples  fauna  entered  the  New  York  province  and  continued  during  tlie 
whole  of  Portage  time  in  the  more  westerly  area.  This  fauna  could  only 
have  entered  the  New  York  province  from  the  north,  where,  in  thp 
Petchoraland,  on  the  other  side  of  the  North  Polar  region,  it  is  likewi^ 
found.  It  could  not  have  reached  New  York  from  the  northwest,  as  tliere 
the  very  different  Upper  Devonic  lowan  fauna  e.xisted,  some  members  of 
which  entered  the  New  York  province,  as  we  have  seen,  at  the  beginniD^ 
iif  Cpper  Devonic  time,  and  remained  as  a  part  of  the  Tully  and  the 
succeeding  Ithaca  fauna."  The  lowan  fauna  came  again  into  the  New 
York  area,  and  in  greater  foree,  at  the  end  of  Portage  time,  where 
we  find  it  well  developed  in  the  limestone  lentils  of  the  High  Point 
sandstone  of  central  New  York,  as  described  by  Clarke.  The  Na|>le- 
fauna  could  not  have  entered  the  New  York  province  from  Hif 
east,   for  there   the   Sherburne  harrier   for   a   time  shut   out   all  im- 
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luigrants,  while  beyond  this  barrier  was,  as  we  have  seen,  the  per- 
sistent Hamilton  fauna  which  auhsequently  entered  the  New  York 
province  to  conetitate  the  conservative  element  of  the  Ithaca  fauna.  Ou 
the  south  were  the  extensive  estuaries  in  which  the  black  Ohio  and 
Oenesee  muds  were  being  deposited,  their  depauperate  and  dwarfed  faunas 
indicating  much  dilution  of  the  salt  waters  by  the  inpouring  of  rivers 
from  the  south.  These  black  muds  can  be  traced  continuously  from 
Maryland  to  Iowa,  and  as  they  are  followed  southward,  or  up  the  lateral 
margins  of  the  ancient  lagoons,  tiiey  are  found  to  pass  into  similar, 
though  mostly  undisturbed,  terrigenous  sands  of  Einderhook  or  younger 
afje." 

There  is  thus  no  possibility  of  deriving  the  Naples  fauna  from  the 
south,  for  here  was  a  continuous  land-mass.  It  follows  that  the  only 
available  path  of  entry  is  the  northern  one,  which,  so  far  as  our  knowl- 
edge of  the  formation  is  concerned,  satisfies  all  requirements.  True,  the 
■  Xaples  fauna  has  not  yet  been  reported  from  Arctic  America;  but  since 
this  is  the  only  possible  path  of  entry,  and  since  the  fauna  is  found  in 
Arctic  Europe,  we  may  confidently  predict  that,  if  fossiliferoas  Upper 
Devonic  formations  are  preserved  in  our  antic  region,  they  will  be  found 
to  contain  the  Naples  fauna. 

It  is  of  importance  to  recall  that  the  Hamilton  fauna  continued  in  that 
portion  of  the  Portage  Sea  which  lay  to  the  east  of  the  Sherburne  Bar,  or 
approximately  in  that  portion  of  New  York  State  now  comprising  Otsego, 
Schoharie,  Delaware,  and  Sullivan  counties,  on  the  south  and  parts  of 
Montgomery,  Fulton,  and  Saratoga  counties  and  the  Champlain  Valley 
on  the  north.  Thence  the  connection  with  the  Atlantic  was  probably 
along  the  general  line  of  the  Saint  Lawrence,  though  the  Oasp^  region  of 
today  was  the  site  of  continental  sedimentation,  as  was  tlie  western 
margin  of  Appalachia  farther  south.  Southward  this  arm  of  the  Atlantic 
covered  the  region  now  included  in  the  eastern  counties  of  Pennsylvania 
and  that  portion  of  New  Jersey  lying  west  of  the  Skunnemunk-Ureen 
Pond  inlier  of  Paleozoics.  The  region  of  this  inlier  was  the  site  of 
lagoons  in  which  the  material  of  the  Bellvale  flags  accumulated.  The 
section  at  Port  Jervis  shows  that  that  region  lay  within  the  confines  of 
the  embayment  here  ontlined.  How  far  south  into  eastern  Maryland 
this  embayment  extended  can  not  be  determined,  because  the  later 
Paleozoic  rocks  have  been  wholly  removed  from  tliat  region  by  Post- 
Paleozoic  erosion.  The  preserved  Devonic  rocks  of  Maryland  all  belong 
to  the  basin  west  of  the  Sherburne  Bar.    In  any  case,  as  before  stated. 
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the  bar  extended  into  the  region  of  the  estuary  into  which  the  Gene^ei: 
muds  were  vashed,  and  this  probably  closed  the  embajment  on  the  soutli 
and  prevented  the  persietent  Hamilton  fauna  from  migrating  around  the 
lower  end  of  the  bar  and  bo  reentering  the  central  New  York  te^od. 

The  eastern  shore  of  this  arm  of  the  Atlantic  from  Qreen  Pond  Monn- 
tain  northward  was  the  site  of  the  great  CatekiU  delta  or  alluvial  deposit, 
which  had  begun  to  form  even  before  the  Hamilton  period  had  come  to 
an  end,  as  will  be  more  fully  detailed  later. 

When  the  Sherburne  Bar  became  submerged,  later  on,  the  Hamilton 
fauna  which  persisted  in  the  eastern  area  passed  into  the  central  basin, 
there  to  commingle  with  the  new  indigenous  fauna  to  constitute  the 
typical  Ithaca  fauna.  This  now  waa  limited  on  the  west  by  the  deposiu 
which  carry  the  pelagic  Naples  fauna,  with  which  it  interfingered.  as 
shown  by  Clarke,  and  on  the  east  by  the  encroaching  continental  fan  o[ 
the  Oneonta.  The  Portage  was  brought  to  a  close  by  the  exclusion  of  the 
Naples  fauna  from  the  north  and  by  a  reinvasion  of  the  lowan  fauna 
from  the  west  and  the  Atlantic  Hamilton  fauna  from  the  east.  By  a  com- 
bination of  these  faunas  with  the  residual  Ithaca  fauna  and  reuewe-i 
invasion  of  foreign  types,  the  typical  Chemuug  fauna  came  into  «■ 
istence. 

The  various  provinces  of  this  period  have  been  givcD  by  Prof,  J.  M. 
Clarke  in  a  map  showing  their  distribution,  as  far  as  New  York  State  is 
concerned  (Memoir  6,  New  York  State  Museum,  Plate  B).  This  map 
indicates  the  maximum  extent  of  the  Oneonta  as  far  as  the  region  of  the 
Sherburne  Bar.  Before  this  a  part  of  the  area  colored  for  Oneonta  was 
occupied  by  the  residual  Hamilton  fauna  and  later  by  the  mixed  Hamil- 
ton-Ithaca fauna,  as  described  in  the  preceding  pages.  Towards  the  end 
the  Oneonta  beds  covered  this  entire  region. 

The  Ashosan  Fosmation  oh  the  so-called  Shehbdbne  Sandstose 

OF  THE  HeLDEHBERGS 

Underlying  the  Oneonta  formation  of  Ulster  and  Green  counties  is  tlie 
principal  flagstone-hearing  formation  of  the  Hudson  River  bluesione 
region.  This  is  the  Lower  Flagstone  series  of  Darton  and  it  has  a  thick- 
ness of  about  500  feet.  In  it  are  situated  most  of  the  important  flap- 
stone  quarries  of  Ulster  County,  the  most  extensive  and  uniform  deposit- 
of  the  bluestone  occurring  in  the  lower  part  of  the  series.  Higher  bed; 
often  show  characteristic  cross-bedding  of  the  torrential  type,  and  irrepi- 
larity  of  bedding,  thinning  and  thickening  of  layers,  channelings.  and 
other  current  marks  are  common  in  certain  portions.    The  series  is  unfos- 
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siliferouB  throughout,  except  for  stipes  of  femlike  plaut^  whioh  abound 
on  the  Burfaces  of  certain  sandstone  layers. 

This  formation  waa  mapped  by  Prosser  as  the  Sherburne  sandstone 
of  the  Helderberg  region  and  made  continuoua  with  the  Sherburne  of  the 
type  section.  Of  course,  no  continuous  tracing  of  these  beds  from  the 
Chenango  Valley  to  the  Helderberg  was  possible,  and  the  correlation  was 
made  on  the  lithic  similarity,  the  presence  of  similar  plant  stipes  in  both, 
and  the  fact  that  in  ITbter,  as  in  Chenango  County,  the  rock  of  this 
<>haracter  directly  succeeded  the  fossiliferons  Hamilton  beds.  Since  rocks 
■:>{  somewhat  similar  character  but  with  a  modified  Hamilton  fauna  suc- 
ceeded the  Hamilton  of  Otsego  and  Schqharie  counties,  it  appeared  that 
the  Sherburne  was  a  continuous  formation  lying  at  the  base  of  the  Upper 
Devonic  of  eastern  New  York  and  in  part  replacing  the  Tully  limestone 
and  Genesee  shale  of  central  New  York.  In  my  summary  of  the  Ulster 
County  section  in  the  Schoharie  Guide,"  I  have  followed  Prosser  and 
used  the  name  Sherburne  for  these  unfossiliferous  lower  Sags,  and  the 
same  name  was  used  by  Berkey  and  by  other  writers  on  the  rocks  of  the 
bluestone  region.  Continued  study  of  these  formations  for  a  number  of 
years  has,  howeyer,  convinced  me  that  this  correlation  is  not  the  correct 
one,  and  I  have  adopted  for  these  beds  the  local  name  Ashoican  formation, 
from  the  Ashokan  district  west  of  Kingston,  New  York,  where  the  rock 
was  quarried  near,  and  for  the  use  of  the  construction  of,  the  Ashokan 
reservoir  of  the  Catskill  water  system  of  New  York  City.  I  am  satisfied 
that  this  formation  is  a  continental  phase  of  the  Upper  Hamilton  and 
therefore  beneath  the  base  of  the  typical  Sherburne  sandstone.  This  is 
shown  by  the  fact  that  in  the  Chenango  Valley  region  the  Hamilton, 
which  underlies  the  Sherburne  sandstone,  and  the  Marcellus,  which  lies 
beneath  it,  have  a  combined  thickness  of  1,500  feet.  At  Schoharie,  where 
the  equivalent  sandstones  of  the  Sherburne  carry  an  Itliaca  fauna  while 
still  retaining  the  thickness  of  the  typical  Sherburne,  the  Hamilton  is 
about  1,500  feet  thick,  while  the  Marcellus  below  it  has  a  thickness  of 
ISO  feet,  or  about  1,680  feet  for  both  formations.  In  Ulster  County,  on 
the  other  hand,  the  marine  beds  which  underlie  the  Ashokan  formation 
have  a  thickness  of  only  about  400  or  500  feet.  There  are  perhaps  some 
300  feet  of  shale  between  the  exposed  sandstones  and  shales  and  the 
Onondaga,  a  part  of  which  must  be  classed  as  Marcellus.  Farther  north, 
at  Clarksville,  the  Marcellus  type  of  shale  is  well  exposed,  being  300  feet 
ihiok,  while  the  more  sandy  Ilnmiltou  type  is  490  feet  and  may  have  been 
500  feet  or  more. 

The  passage  of  the  marine  into  the  non-marine  beds  of  the  Ulster 

»  V.  y.  SUIe  Mm.  Bull.  TO,  p.  308. 
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County  Hamilton  is  seen  in  the  sections  west  of  Kingston  (near  West 
Hurley,  etcetera),  and  it  is  evident  that  no  stratigraphic  break  exists 
between  the  two.  The  fossiliferous  Hamilton  beds,  therefore,  can  repre- 
sent only  the  lower  part  of  the  Hamilton  beds  of  the  sections  farther 
west,  while  the  Aghokan  repreHents  its  upper  portion,  which  has  a  non- 
marine  character  in  the  east.  The  marine  beds  are  well  exposed  at  Mount 
Marion,  west  of  Saugertiea,  New  York,  and  for  them  the  name  of  Mount 
Marion  beds  is  here  proposed.  The  amended  TTlster  County  succession  of 
the  De^■onic  is  therefore  as  follows : 

Fwt 

Chfmunff  teriet 

Catsklll  sandstone  and  coilglomerate 1.T25 

I'nrtage  »criea 

Oneonta  sandstone  and  shales 3.O00 

Hamilton  »eric» 

Ashohan  shales  and  flags 500 

Mt  Marlon  shales  and  sandstone. 500 

"MarcelluB"  shales  300 

Oiumdaga  leriet 

Onondaga  limestone 75-85 

Schoharle-Esopus  : 300 

Orlskanf    5-60 

r'ort  Kwen  0-150 

Hiatus  and  dlsconformlty 

.\lHen  "  cherty  Hntentones 20-ri0+ 

Bwraft  limestone  30-40 

New  Scotland   OO-lOO 

t'oej-mans 30-flO 

liase  of  Devonic  (cooformlty) 

ManlluH  Umestooe  of  the  Sllurlo, 

"  This  ntmc  it  proposed  tar  Ihe  cherty  ILmeslODfs  wblch  overlie  the  Becratr  nnd  run- 
lain  a  modlDed  Becraft  faiiDa.'  Ttieae  beds  are  well  sbowD  In  Ibe  hliii  atUTe  Alseo.  at 
Becrnft  and  Schoharie,  and  they  are  ever]'«bere  atraKsrapbtcatlr  coollnuous  ivlth  Ibe 
Braraft,  On  Mount  Becraft  and  at  Scboharte,  where  tbey  have  heretofore  been  cIbwhI 
as  I'ort  EireD,  they  are  dIuonCormably  succeeded  by  Ibe  Orlakany  sandHtone.  At  AIspd 
Hie  Port  Eweo  1b  llltenlse  abnent.  lint  at  Kingston  and  on  Ihe  Wcit  Rhore  Railroad  secilnii 
near  Tort  Ewen  stalloo  Ihe  I'ort  Ewen  beds  rest  dlscontonnahly  on  the  Alsen.  o(  which 
18  feet  are  shown  on  the  West  Shore  section,  while  perhaps  10  (eet  have  been  removwl. 
together  Kith  Ibe  Bccraft,  In  the  quarry  which  iDlermpts  the  section.  The  hiatus  tf' 
tweeD  tbe  Alsen  and  Port  Bven  or  the  Alsen  and  Ihe  Orl^any  la  marked  by  nearl.i 
2.000  feet  of  calcareous  deposition  In  the  <:aspf  region. 
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iNTROUirCTiOtf 

Four  months'  field  work  in  New  Mexico  and  Arizona,  in  1906,*  result*^ 
in  numerous  geologic  sections  and  fossil  collections.  Some  of  these 
reaultfl  have  been  published.* 

The  present  paper  presents  some  Upper  Permiaji  and  Lower  Triassic  r 
sections,  with  their  faunas  as  represented  in  our  collections.  The  fauna* 
are  mainly  from  the  upper  Kaibab  and  lower  Moenkopi  formations. 

Northern  Arizona  represents  an  old  peneplained  surface,  derelopel 
with  a  slope  to  the  south,  which  was  raised  into  a  plateau  during  the 
Pliocene.  Since  that  time  the  softer  Triassic  ?  shales  have  been  largely 
eroded,  leaving  exposed  the  hard,  siliceous  Tipper  Permian  (Kaibab) 
limestones.  This  erosion  brought  into  relief  old  fault  lines,  and,  with  tlio 
aid  of  subsequent  faulting  along  some  old  and  many  new  lines,  has  pro- 
duced the  present  topography.  These  strata,  very  nearly  horizontal,  have 
usually  a  gentle  dip  to  the  north;  this  is  true  from  the  southern  edge 
of  the  plateau,  the  Mogollon  Bim,  to  the  Utah  border  where  they  dit, 
beneath  the  later  Mesozoic  and  Cenozoic  beds. 

Table  op  Formations 

Chlnle 
Ujiper 
Triassic  ■  Shinarump  (Ki&Klotnerate  ^. 

I^wer Dl«»„to™it.v 

Moeiikonl  ? 
— Dlxconrnrmtt.v 

'  Kaibab 

Permian  Oiconlno 

Supal  (upper)  _, 

PeDnsylvanUn  Sui>hI  (middle  and  liiw*r|„, 

Dlwonformlty 

MtsslK-iipplau  (Ix>wer)      Redwall 

■  In  a  party  under  tUp  mo*t  e(llcl»nt  leadenbip  o(  Prof.  DougUi  W.  Johnsoti  of  Coluin 
bla  UnlTeralry. 

'The  BlraHgraphy  of  the  Mount  Taylor  rpglon.  New  Mexico.  Am.  Joiir  Scl  4tli  wr 
vol.  28,  IftOS,  pp.  53-87. 

Tbe  IIIholoBic  sectloD  of  Witnut  Canyon.  Arlioaa.  with  relation  to  )tw  cIllT-dicrniDgs 
of  tills  and  other  regions  of  northwestern  Arizona.  Am.  Anlbropoloslst.  vol  12.  l^lft 
pp.  237-249. 

The  small  aire  hoiia™  of  Arizona.     Science  Conspectui.  tol.  2.  lOII.  pp.  I6-1S. 
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Debcbiption  op  Sections 
in  oekbral 
The  following  sections  are  described  in  order  from  those  at  the  soutli- 
esfit  to  the  ones  at  the  northwest. 

n.  FROM  TBB  UOaOLLONB  TO  FLAOSTAFF 

As  we  traveled  from  the  Basin  Region  (figure  1)  northward  up  Oak 
Creek,  the  steep  plateau  escarpment  gave  excellent  sections  in  the  Permian 
shales  and  sandstones.  The  brick-red  shales  and  sandstones  of  the  Supat 
formation  at  the  foot  of  the  escarpment  are  overlain  by  the  cross-bedded, 
gray  Coconino  sandstone  at  the  plateau's  edge,  which  in  turn,  farther  to 
the  north,  dip  under  the  thin,  beveled,  southern  edge  of  the  Kaibab 
limestone.  In  the  plateau  escarpment  the  upper  fifty  feet  of  the  Supai 
are  heavily  cross-bedded,  while  the  transition  to  the  Coconino  is  an 
alternation  of  red  and  white  sandstone  beds.  The  surface  of  the  plateau 
from  the  Eim  to  Flagstaff  is  at  intervals  covered  with  volcanic  debris, 
concealing  the  underlying  sediments.  This  dotting  by  recent  volcanic 
cones  and  lava  flows  is  characteristic  of  the  entire  plateau  region  of  west- 
em  Sew  llexico  and  northern  Arizona.  The  surface  sedimentary  rocks, 
from  a  few  miles  north  of  the  Rim  to  Flagstaff,  are  the  yellowish  to  gray 
lower  Kaibab  limestone.  Two  miles  directly  south  of  Flagstaff,  beside 
the  trail,  ledges  of  this  limestone  yielded 

Cf.  Puitula  ttebiatkeniU  (Owen)         r 
Catnpotita  gubtilita   (Hall)  r 

Alloritma  terminale  Hall  c 

6.  WALXUT  CASTOt/ 

Walnut  Canyon  is  8  miles  southeast  of  Flagstaff  and  within  the  San 
Francisco  Mountain  Forest  Reserve.  The  narrow  canyon  has  been  cut 
into  a  rolling  upland  to  a  depth  of  370  feet.  For  a  detailed  lithologic 
section  the  reader  is  referred  to  the  article  in  the  American  Anihropolo- 
gist  noted  above.  Briefly,  from  above  downward,  the  section  is  as  fol- 
lows: 


1.  AltematliiK  rellowisb  to  gray  dolomites  and  limestones 2S5 

The  lower  150  feet  contain  the  most  conspicuous  strata  of  the  canyon: 
three  prominent  projecting  ledges,  with  faces  rounded  by  erosion,  and 
beneath  each  a  continuous  cave  zone.  It  is  in  these  caves  that  the  cele- 
brated cliff-dwellings  occur.  From  these  285  feet  the  following  fossils 
were  identified : 
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FiQUBB  1. — Bkttth  Hep  of  Xorlhweilern  AHcoHa  aii<I  Bouthtnt  Uloh 
The  leltert  o,  b,  c,  etcetera,  refer  to  the  geologic  wctloni  dlacuiKd  (•««  t«ble  *I  conlenti) 
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SECTIONS  4(0 

Productu*  iveH  Newberry  c 

Cf.  Ptutula  nebraikeniii  (Owen)        i' 
Pinna  ap.  R 

Murchiatmla  terebra  White  ?  r 

Feet 

2.  Til  In-bedded,  lirownlHli  sandstone  with  a  calcareous  cement. 10 

3.  StroDsIy  cross-bedded.  light  gray  nandstone *5 

These  beds,  the  Coconino  eandatone,  diBconformably  underlie  the  Kai- 
liab  limestone  (localities  1  and  2). 

c.  fJAJ.VD  CANYOf!  OF  THE  COLORADO  RIVER 

As  we  traveled  from  Flagstaff  around  the  western  base  of  San  Francisco 
Peak  and  northwestward  to  the  (jrand  Canyon,  we  passed  numerous 
remnants  of  the  Triasaic  ?  Red  Beds  left  by  erosion  since  the  Pliocene 
uplift.  At  no  place  hei*  did  we  get  a  section  from  the  underlying 
Kaibab  limestone,  which  is  frequently  exposed,  into  these  red  Mneiiki:pj 
betls.  Two  miles  southeast  of  Hull  Spring,  to  the  southwest  of  the  trail, 
;(  partial  sectinn  in  the  Moenkopi  consists  of  80  feet  of  tliinly  Iwddei 
red  i^ndstones,  with  many  ripple-marks  and  sun-cracks  at  itB  base ;  above 
this  10  fec't  of  coarse  yellow  sandstone  containing  many  selenite  veins  and 
liits  of  wood  and  charcoal.  Throughout  the  entire  region  recent  cinder 
uonea  and  lava-flows  and  ridges  of  a  more  or  leas  vesicular  malpais  (rem- 
nants of  older  lava-flows)  are  numerous. 

A  siimniar}'  of  the  detailed  section  made  in  the  Upper  Kaibab  lime- 
^tinif  down  the  Red  Canyon  trail,  at  the  Grand  Canyon  of  the  Colorado, 
is  as  follows: 

Feet 

1.  Gray  limestone  full  o(  ^Itceous  concretions 115 

2.  Alternating  light  gray  and  brownish  gray  limestone 152 

Many  beds  are  full  of  siliceous  concretions  of  various  sizes.  Several  (if 
ilie  beds  weather  back  more  rapidly  than  the  others,  thus  producing  ca^e- 
/loiies,  though  no  caves  were  walled  up  or  gave  other  evidence  of  having 
heen  inhabited  by  the  ancient  Cliff-dwellers. 

Beneath  this  are  130  feet  of  alternating  red  and  gray  sandstone  be- 
longing to  the  middle  Kaibab.  These  beds  are  usually  cross-bedded  and 
liave  a  calcareous  cement. 

.\.inong  the  small  fossils  collected  from  the  uppermost  beds  were  noted : 

Bakew>ema  parva  M.  &  H.  r 

Attarteila  gurlri/i  White  R 

Plagioglypta  canna  White  c 

Cf.  Evpliemug  rarbonariu*  (Cox)  r 

Cr.  MurrhUoniti  t  terehra  White  r 
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d.  KAVAJO  aPRIKO 
From  the  Grand  Canyon  to  just  north  of  the  Little  Colorado  Itiver,  ai 
Tannere  Crossing,  the  trail  rests  upon  the  Upper  Xaibab  limestone ;  uurth 
of  this,  through  the  Painted  Desert  to  Cedar  liidge,  it  runs  over  ilie 
Moenkopi  and  Shinarump,  while  to  the  north  of  Cedar  Bidge,  and  thus 
to  Navajo  Spring,  it  again  runs  largely  over  the  upper  Kaibab  limestone. 
Contact  between  the  Kaibab  and  Moenkopi  was  frequently  noticed  from 
Cedar  Ridge  nortli.  Immediately  to  the  south  of  Navajo  Spring  owiirs 
the  following  typical  section  i 

Frtt 

1.  Red  Moenkopi  shales. 

2.  Greenish  shales  (Included  with  the  UoeukopI) '< 

S.  Kaibab  llmeBtone  S 


The  upper  2  feet  of  this  limestone  contain  much  limestone  breti  ia. 
while  its  uppermost  surface  is  slightly  uneven.  As  the  junction  of  tlie 
Kaibab  and  Moenkopi  thus  give  indications  of  an  erosion  interval  and  tli.- 
strata  have  similar  dips,  the  contact  of  the  strata  is  a  disconformabli- 
one. 

e.  novas  ROCK  VALLBT 

From  Navajo  Spring  to  Lees  Ferry  the  trail  passes  over  the  Kaibak 
and  Moenkopi  beds  in  approximately  equal  proportions;  and  again,  ves: 
of  the  Colorado  Kiver,  to  the  southwest  of  Lees  Ferry,  for  some  10  miles. 
Beyond  this  to  House  Kock  Valley  it  runs  entirely  upon  the  sands  of  the 
Moenkopi  and  Shinarump.  These  sands  and  clays  mantle  the  hard 
Kaibab  limestone  only  for  several  miles  to  the  south  of  the  trail,  as  thev 
do  to  the  west  of  tlie  Echo  Cliff  trail ;  beyond  this  the  rapid  erosion  canseJ 
by  the  deep  Colorado  River  has  in  most  eases  removed  these  softer  strata. 
This  rapid  erosion  causes  numerous  land  slides  in  both  the  Vermilii^n 
Cliffs  and  Echo  Cliffs. 

The  upper  Kaibab  limestone  is  well  exposed  along  the  western  ed<;e  uf 
House  Rock  VaDey.  The  following  section  was  made  at  the  southern 
end  of  this  valley,  in  a  canyon  immediately  west  of  House  Rock  Raui-h. 
This  canyon  is  cut  into  the  east  Kaibab  Monocline,  the  great  fold,  which, 
carrying  tliese  strata  upward  to  the  west  to  an  elevation  of  2,600-4,OOfi 
feet  higher  than  the  Marble  Platform,  forms  the  Kaibab  Plateau.  Th^ 
winding  canyon  was  apparently  made  by  a  meandering  stream  let  down 
upon  this  ancient  monocline  by  the  plateau-like  Pliocene  npheaTal.  Thi? 
s*x'tion,  like  the  others,  was  made  from  the  top  downward. 

1.  Brownish  yellow  limestone 54 
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This  bed,  owing  to  the  aoft  underlyiog  shales,  stands  out  as  a  prominent 
brownish  yellow  cliff.  Its  npper  portion  is  especi&lly  full  of  hard  qnartz 
concretions,  which,  with  their  coating  of  desert  varnish,  stand  ont  from 
the  yellowish  limestone  as  conspicuous  black  nodules.  The  extreme  upper 
portion  contains  more  or  less  limestone  breccia.  No  fossils  were  found 
here. 

Resting  upon  this  limestone.  Professor  Johnson  found,  5  to  8  miles 
to  the  south,  the  red  Moenkopi  shales.  We  note  in  locality  2  an  anticipa- 
tion of  the  Moenkopi  red  mud  conditions  in  Upper  Kaibab  times. 

Feet 

2.  Red  arenaceous  sbale  vith  a  calcareous  cement  alternating  with  yellow- 

ish limestone  , 12 

Both  the  red  shale  and  the  limestone  are  cross-bedded.  The  only  fossil 
foand  was  a  single  imperfect  specimen  of  Productvs  cf.  ivesi  Newberry. 

FeM 

3.  Deuse  brownish  gray  limestone 7 

No  tossila  were  noted. 

4.  Originally  a  light  gray  limestone,  now  much  of  It  sHlclded 2.3 

The  entire  thickness  is  conspicuous  for  its  cross-bedding.  Small 
siliceous  concretions  are  numerous.  Some  beds  have  a  slightly  green 
color.    No  fossils  were  found. 

FKt 

5.  Very  light  gray  limestone 16 

5Iany  concretions,  large  and  small,  present  but  apparently  no  fossils. 

Feet 

6.  Alternating  light  gray  and  brownlfh  gray  limestone i:i 

Concretions  few.  Fossils  apparently  confined  to  the  numerous  crinoid 
I'ointe. 

Feet 

7.  Light  gray  limestone S 

Concretions  and  fossils  rather  abundant. 

Crinoid  Joints  <■ 

Cf,  Septopora  MserUiHs  (Swallow)  c 

Pmductug  iveH  Newberry  r 

P.  occidentalti  Newberry  c 

CompoHla  Mtbtilila  (Hall)  c 

Ft*i 

8.  Brownish  gray  Iltaeslone. 7 

Fossils  and  concretions  rare. 

9.  Brownish  gray  limestone 24 
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These  strata  coDtain  many  coHcretione,  both  small  and  lai^e,  the  latter 
varying  from  5  to  9  inchce  in  diameter.  Two  caves  showing  signs  of 
fornier  occupation  bv  the  Cliff-dwellers  were  noted. 

The  very  abundant  fossils  include — 

LopfcopkyllNm  profundum  E.  A  H.  c 

Crlnold  Joints  G 

Sfptiipont  biteriaH*  (Swallow)  c 

MefkfUm  pinnmi4ali*  Npwberry  c 

iVodwfiM  iveai  Newberry  c 

p.  Mxidertialtt  Newberry  c 

/*.  ct  temirelU^atut   (Martin)  r 

I'tutmlu  nebrvkenMt  (Owen)  r 
Sptrifrrino  kmturkicntit  (Sbumard)         c 

10,  tilght  greenish  gray  llmentoDe 4 


Thin  VhhI  is  very  full  of  large  concretions.  It  weathers  back  rapidly, 
roriiiiiif;  caves,  some  of  which  noted  had  been  occupied  by  tlie  ancient 
riilT-dwollcrs. 

The  fossilf  wUected  are 

LiiphaphHUum  pmfundKm  E.  &  H.  r 

Crlnotd  Joints  C 

I'roduclHK  ifrii  Newberry  r 

Fpft 

XI.  IJitbl  Iti'owu  llniestoue  with  few  coacretions 5 

The  few  fiKssils  inchide 

Crlnoia  Joints  C 

/■mdHclH*  ifc»i  Newberry         r 

F«t 
Vi.  Mght  bn>wn  limestone  fall  of  Irregularly  ^cnttered  sillceouR  concre- 
tions         ]2 

The  iibundant  fossils  include 

Crlnold  Joints  C 

I'rndurlut  ivciii  Newl)erry  c 

Mcekrtia  ppramidaJig   (Newberry*  c 

The  following  ftissils  were  found  in  tains  from  the  above  section : 

Lophophyllum  prrifvndum  B.  &  H.  c 

CluFtetrs  millepora<ru»  E.  &  H.  r 

Cf.  Septopora  biserinli*  Swallow  R 

I'roductHS  ircsi  Newl>erry  r 

P.  nceidcntali»  Newberry  C 
P.  cf.  coilatu*  (Sowerliy  '!)  de  Koninck        R 

Piitluln  piinilnla  (MiirHi.l  r 
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or.  p.  nebratkenM*  (Owen)  R 

Chonctet  graauUfer  Owen  c 

Squamalaria  pcrplejrn   (McChPsney)  c 

Comptmta  tubiilita  (Hall)  r 

P»eutlnmoHoti»  hateni  M.  &  M.  r 
Aviculopecteit  colomdoentit  (Newberry)       r 

A.  occidcntalU  (Shumard)  ?  r 

Buphemut  carbonarias  (Cox)  r 

/.  KAIBAB  PLATEiV 

Westward  up  the  East  Kaibab  monocline  and  over  the  Kail>ab  Plateau 
Ihe  trail  rests  upou  the  extenaion  of  tlie  higher  strata  exposed  in  the 
House  Rock  Valley  section.  On  the  plateau,  about  8  miles  in  an  air-line 
west  of  the  preceding  section  and  about  3  miles  south  of  Jacobs  Ijftke,  the 
following  fossils  were  collected.  They  come  largely  from  a  brownish 
gray  limestone  which  corresponds  to  locality  9  of  the  House  Hock  Valley 
section.  A  few  fossils  may  have  come  from  light  gray  limestones  20 
fM  above. 

LophophyUvm  profundum  B.  &  H.  C 

Orlhnlelet  eraMun  (Meeh  and  Hayden)  r 

Cf.  O.  robu»tu»   (Hall)  r 

O.  sp.  r 

Derbya  T  crenulata  Oirty  r 

ifeckcUa  piiramidalig  Newlwvry  C 

ChoneteK  ffivnulifcr  Owen  e 

C  cf.  variolalut  (d'Orblgny)  t 

Productu*  occidentali»  Newberry  C 

P.  iveH  Newberrj'  e 

P.  coitatoidcg  Swallow  C 

Piutula  punctata   iMaitln)  r 

Dietasma  botriden^   (Morton)  r 

Spirifcrina  campcstria  White  r 

.4i'(CHlopec(eii  roloradticHsiK  (Newberry)  r 

.4.  oceidentalit  (tibumard)  r 

0-   KJ\.4n  PLATEAU    (.VOKT«f;jSTB«.V) 

The  descent  to  tlte  down-faulted  Kanab  Plateau  was  made  by  Jacobs 
Canyon.     Immediately  northwest  of  the  point  where  tliis  canyon  de- 
bouches upon  the  lower  plateau  the  following  section  in  the  Moenkopi  was 
noted  in  a  low  hill: 
L  Yellowish  limestone  wltb  many  siliceous  concretions. 

Here  were  obtained  the  following  fossils : 
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Cf.  Bakeioellia  parva  M.  A  W.  r 

Pteudomonotit  /  ep.  r 

Cf.  Chiton  carbtmariut  Stevens  R 

Cf.  Sirophoilylui  nanus  (H.  &  W.)  c 

Stroptio»t}/lu»  ep.  R 

Turritella  t  ep.  (email)  c 

2.  Red  arenaceous  shales  and  sandstones. 

3.  Umeatone  large];  sillclfled. 

h.  TOROWEAP  VALLST 

Traveling  northwestward  to  Bouthem  Utah,  and  then  toward  the  soutli- 
west  to  Pipe  Spring,  our  next  encounter  with  Moenkopi  fosail-bearing 
strata  was  some  15  miles  southwest  of  Pipe  Spring,  at  Wild  Band  Pockets. 
From  here  southwestward  to  the  Toroweap  Valley  fossils  were  eolleete'l 
from  several  sections.  We  will  list  the  sections  from  tfie  Toroweap  Vallev 
northeasterly.  This  progression  from  south  to  north,  through  the  gentle 
northward  dip  of  the  strata  makes  the  northern  sections  expose  cor- 
respondingly higher  beds  than  the  southernmost.  The  following  section 
was  taken  near  the  middle  of  the  Toroweap  Valley.  In  the  very  limiteJ 
time  at  our  disposal  while  at  this  section  it  was  impossible  to  do  more 
than  estimate  the  thicknesses  of  the  various  beds. 

Km 
1.  Tellowish  arenaceous  limestone lo± 


Apparently  from  this  limestone,  exposed  farther  up  the  valley,  was 
collected  Leda  obesa  (White)  B. 

A  thin  limestone  slab  upon  the  talus,  which  appeared  to  have  come 
from  rocks  a  short  distance  above  ttiis  locality,  contained  numerous 
specimens  of  Bakewellia  parva  M.  &  H.  The  character  of  rock  ami 
fossils  appears  to  correlate  this  with  the  Wild  Band  Pockets  exposure. 

2.  Reddish  shale  alternating  with  white  and  gray  tbln-bedded  t!.v]isuin. .  25± 

8.  Gray  limestone 10± 

4.  Alternating  red  shale  and  white  gj'psum 60± 

5.  Massive  gray  limestone  containing  many  siliceous  concretions  and 

many  fossils  275± 

The  following  fossils  were  obtained  here : 

Productut  ivegi  Newberry  c 

P.  occidenlalis  Newberr.v  c 

Cf.  Pustula  nebratkcn»i»   (Owen)  r 

Sqtiamularia  perplcxa   (McOhesney)  r 

6.  Alternating  thin,  reddish  brown  shale  and  gray  gypsnm 200± 

7.  Gray  thin-bedded  fossllireroos  limestone 1W± 
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Among  the  fossils  noted  was : 

Produetut  iveti  Newberry        c 

Farther  down  the  valley  the  gray,  cross-bedded  Coconino  sandstone 
comes  in  beneath  the  limestone  of  locality  7,  which  in  turn  rests  upon  the 
red  shales  of  the  Supai  formation.  Localities  T,  6,  and  5  are  respectively 
the  lower,  middle,  and  upper  Kaibab,  1  to  4  the  lowest  Moenkopi. 

From  the  upper  Kaibab,  at  the  eastern  foot  of  Mount  Trumbull,  were 
collected :  "  ' 

Prod«ctu»  occidentalU  Newberrj        c 
P.  iveii  Newberry  e 

(.  SOUTHWEifT  OF  HAWYERS  TANK 

The  rocks  from  which  the  following  fossils  were  collected  were  exposed 
just  north  of  a  partially  eroded  cinder  cone  several  miles  southwest  of 
Sawyers  Tank.  The  very  foBsiliferous  strata  consisted  of  some  10  feet 
of  yellowish,  arenaceous  limestone  with  numerous  siliceous  concretions 
underlain  by  red,  gypsiferous  shales. 

Meekella  pyramidaU*  Newberry  c 

Gf.  Dielatma  hovidena  (Morton)  c 

Composita  ivbHlita  (Hall)  r 

Xucvia  perumtxtnata  Wbite  C 

or.  Aviculopinna  peracuta  Sbumard  r 

Pie%tdomonoti»  inequUtfiata  Beede  r 

Aviculopecten  coloradoetutt  Newberry  r 

Of.  Entolium  avicvlatum  Swallow  r 

Lima  f  sp.  a  c 

Lima  T  ep.  b  c 

Lima  sp.  R  c 

Plaptofflj/pta  canna  White  c 

Euphemut  carbonariui  (Cox)  r 

Palellostium  nodocostatum  (Gurley)  C 

Cf.  P.  ourayetue  (Gurley)  r 

~Warthia  amt^cana  Gtrty  It 

W.  sp.  c 

Pleurotomaria  grayviUentU  N.  4  P.  c 

UurchUonia  t  terebra  Wblte  r 

Cf.  Btrnphontiilug  nonuj  (M.  &  W.)  r 

/.  BAWVBRa  TANK 

Immediately  southwest  of  Sawyers  Tank  occurs  the  following  section  ■ 

1.  Yellowish,  apparently  unfoaslUferou!*,  limestone 5 

2.  Red  shale  10 

.1.  YellowlKh,  arenaceous,  fosslllferous  limestone 10 
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Here  were  collected  the  following  fossilB : 

PtewdomonolUi  htivmi  M.  &  H.  c 

P.  ineguiitriala  Beede  c 

P»eudomonotU  T  ap.  i 

Avictilopectcn  ocddentalii   (Shumard)  c 

Avu^Utpecten  T  ep.  r         . 

PktgiOfflupta  canna  White  C 

F«*t 
4.  Alternating  crosB-bedded  sandstone,  red  sbale,  wblte  g}-pHum,  and  yel- 
lowish limestone 35+ 

In  the  limestoues  occur  frequent  external  molds,  accompanied  infir-' 
rarely  by  internal  molds,  of — 

Cf.  PUiffioglypfa  canna  White         c 

This  section  appeared  in  the  field  to  correspond  to  the  upper  portion 
of  the  Toroweap  Valley  section, 

k.  SOUTHWBBT  OF  VILD  BAXD  POOKBTB 

This  sectinii  is  3  miles  southwest  of  Wild  Band  Pockets. 

1.  Gray  cross-bedded  nauilHtoiie 15 

2.  Gray  conglomerate 15 

3.  Yellowlsli  shaly  arenaceous  limestone 8 

4.  Greenish  shales  alternating  with  gray  arenaceous  limestone 15 

5.  TellowlsU  arenaceous  limestone 13 

These  beds  are  filled  with  small  siliceous  concretions  and  with  fossils. 
both  very  commonly  stained  red.  This  is  the  northward  extension  of 
the  limestone  from  which  the  fossils  were  collected  at  the  section  several 
miles  southwest  of  Sawyers  Tank.  The  lithology,  rock  succession,  fossib. 
and  even  the  red  staining  of  concretions  and  fossils,  are  similar  in  eacli 
section. 

6.  Red  shale. 

The  following  fossils  were  collected  from  locality  h : 

Cr.  OrhicuMiia  nitida  (Phillips)  K 

Cf.  Dielagma  bovldrns  (Morton)  r 

Edmondia  tuhtruncata  Meek  r 

yucula  perumbonata  White  r 

Leda  obeta  (White)  r 

AUoritnui  sp.  r 

«.  A.  gOberti   (White)  r 

lAima  T  Bp.  a  c 

Plnginglypia  canna  White  C 
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Euphemiu  carbonarUu  (Cox)  c 

Pateltostium  nodocoitalum  (Garlej)  G 

Ct.  P.  aurayente  (Gnrley)  C 

Cf.  Waiihia  americana  <!lrty  r 

W.  Bp.  C 

Turritella  T  sp.  (small)  r 

Fleurotomaria  graiiviUetuit  N.  &  P.  r 

MitrchUonia  t  terebra  White  r 

I.  WILD  BAND  POOKETB 

Xear  the  Wild  Band  Pockets  tlie  fossil  if erous  beds  exposed  in  the 
^'ction  3  miles  to  tlie  southwest  dip  beneath  the  surface  of  the  plateau. 
On  them  rests  an  alternation  of  red  shales  and  gray  shaly  linieetoDe. 
Beds  of  the  latter  vary  in  thickness  from  five  to  10  feet,  being  thinner 
than  the  red  shale  beds.  Where  these  strata  were  exposed  in  a  butte  the 
following  fossils  were  collected  from  the  lowest  limestone  bed  found 
there : 

ParallcUtdon  T  sp.  r 

Bakeicellia  parva  M.  &  H.  c 

Bchiindut  meekanvi  Girty  r 

S.  sp.  B 

Aviculopecten  occideutalit  (Shumard)  r 

Atlartella  gurleyi  White  r 

Plagioglj/pta  canna  White  C 

Turritella  t  sp.  (amall)  c 

m..   WORKilAN  SPRIXQ   I.VTAH) 

1.  Greenish  to  gray  calcareous  shales  and  arenaceous  limestones 25 

These  beds  are  foBsilif erous,  in  places  being  very  full  of  crinoid  joints. 

FWt 

2.  Reddish,  gypslferous  shales 20-|- 

This  section  appears  to  be  somewhat  higher  than  the  one  at  Wild  Band 
Pockets,  though  still  in  the  lower  Moenkopi.  The  Shinammp  conglom- 
erate caps  the  sides  of  the  valley  far  above. 

The  following  fossils  were  collected  from  the  greenish  shales  and 
limestones : 

Fentaerimt»  sp.  C 

BpirwhU  ep.  c 

lAngula  sp.  R 

Pvgiww  oiagentit  Swallow  c 
OiiotXyridina  orbU-ularU  (SlcChesney)         c 

Bakewellia  parva  M.  &  H.  c 

Aviculopectm  up.  U 
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Pteurophorut  f  sp.  r 

Pleurolt»naria  ep,  B 

Cf.  atrophoilvtui  nanui  (M.  &  W.)  r 

Turrttella  t  sp.  (amall)  r 

n.  HDBRWANS    (UTAH) 

Northwest  of  Workman  Spring  the  Hurricane  Clifffl  again  expose  the 
upper  Eaibab  limestone.  Near  the  hamlet  of  Hurricane,  immediately 
Bonth  of  the  Virgin  Kiver,  this  grayish  Kaibab  limestone  ia  overlain  by 
the  red  and  green  shales  of  the  Moeokopi. 

The  following  foBsils  were  collected  from  the  limestones: 

Orthotete»  cra»»iu  (M.  &  H.)  r 

Ohonetes  ^einifeianus  Waogen  c 

CI.  C.  ffrawUifer  Owen  R 

Productut  occidentalig  Newberry  c 

P.  iveH  Newberry  C 

PUBtala  punctata  (Martin)  r 

Of.  P.  nebragkemit  (Owen)  r 

Spiriferina  campeatria  White  c 

Bgwimitlarta  perplema  (McCbesney)  c 

Oompoaita  lubtilita  (HaU)  c 
AvicttlopecttM  coloradoetuit   (Newberry)         r 

PMUipfia  sp.  r 

Tabolar  List  of  Specikb,  with  Distribotion 

In  the  table  showing  the  distribution  of  species  the  Eaibab  and  Uoen- 
kopi  sections  are  each  grouped  separately.  Only  in  section  h  were  both 
Uoenkopi  and  Kaibab  fossils  collected  from  the  same  section;  thus  the 
two  fossils  found  here  in  the  Moenkopi  (Leda  obesa  B,  and  Bakewellia 
parva,  c)  are  not  listed  in  the  table  below. 

The  following  abbreviations  are  used : 

C  =  very  common,  c  =  common,  r  =  rare,  B  ^  very  rare.  The  names 
of  the  lettered  sections  are  given  in  the  table  of  contents. 
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Crinoid  joints 

Penlaainus  ap 

:  hll  1 

Wonns 

SpiroTbis  so 1     1     1     1     1 

Bryozoans 

Stplapora  Diserialis  Swallow 1     |     |     (     J 

Brachiopods 

OrlhtXeles  crassus  <M.  &  F 

O.Tobustus  (Hall) 

O.sp 

Drrbyu  ?  crenuiala  Girty . . 


C.  gramtlifer 

C.  variolatus  (d'OrbiRny) 

Productus  int&i  Newberry 

P.  occidenlalis  Newbeny 

P.  coslaloides  Swallow 

P.  coslalus  (Sowerby  ?)  de  Koninck.  . . 

P.  semireliculalus   (Martin) 

Puilula  punctata  (Martin) 

P.  nelrraskensis  (Owen) 

Pugnax  osagensis  Swallow 

Dielasmi  bovidens  (Morton) 

Squamularia  pfTpkxa   (McChesney).. . 

Spiriferina  campf^lris  White 

S.  kerUuckimsis  (Sbumard) 

Ctiothyridina  mhicultris  (McChesney). 
Cmntw-iita  sublilUa  (Hall) - 


^ 

cf. 

cf. 

Amphi 
Chilntx  raThonarius  Stevens  . . 
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Pelecypods 

Edimndia  sublTutuata  Meek 

Nucula  perumbonala  White 

Ledaobesa  (White) 

ParaiUlodon  ?  sp 

Pimut  sp 

Admiopiima  pfToaUa  Shvaoaid 

BakaomiapanaM.  &  H 

Pseudomonotis  Aoum  M.  &  H 

P.  intquisttiata  Beede 

i*-?«P 

Myalina  ?  ep 

Schiadm  makattua  Girty 

S.^ 

Aeiadoptettn  occidtntalis  (Shumard). 

A.  colOTatlomsis  (Newberry) 

vl.  sp 

Enlolium  ariculalum  Swallow 

Lima  ?  sp.  o 

Lima  ?  sp.  6 

Lima  sp.  c 

PleuToplnmis  ?  sp 

AsttnttUa  iurUyt  White 

AUorisma  Itrminale  Hall 

A.  gilbrrti  White 

Scaphopods 

Plajioglypia  carina  White 

Gastropods 

PleuTotomaria  grayvilUmis  N.  &  P.. . 

P.  sp 

Murehisonia  ?  terebra  White 

Euphemus  carbonarius  (Cox) , .  , 

PaUllastium  tiodoeoslalum  (Gurley). . 

P.  ourayense  (Gurley) 

Warthia  amerkaita  Giny 

W.  sp 

SlTopkoslytus  nanus  (M.&  W.) 

S.  sp 

TuTrilella  ?  ap.  (small) 

Trilobites 

Phillip:^ia  sn      


I  c  J  ■  I     I     I     I     I     I  c  I C| QCT 


Notes  on  Spkciks 

Tlie  spfcifs  from  the  Kaibab  limestone  are  in  the  majority  of  cai^'? 
apparently  identical  with  Eimilar  species  from  the  Tapper  Pennsylvanian 
and  Permian  of  tlie  Mississippi  Valley  and  farther  west.  In  the  Moen- 
knpi,  oil  the  otlier  hand,  there  is  a  persistent  difference,  minut*  in  some 
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Species,  greater  in  others,  from  correepondiag  species  in  the  Kaibab 
below.  In  the  former  cases  the  difference  is  not  usually  sufficiently  great 
to  receive  even  verietal  distinction,  in  the  latter  specimens  it  frequently 
reaches  a  specitic  differentiation.  This  change  is  apparently  mostly  due 
to  the  passage  of  time,  not  entirely  to  a  diiferent  environment.  Just  as 
the  upper  Kaibab  Umestone,  more  or  less  arenaceous,  followed  the  middle 
Kaibab  gypsiferous  red  beds,  so  the  fossil-bearing  arenaceous  limestone 
lenses  in  the  Moenkopi  are  separated  by  gypsum-bearing  red  beds.  In 
each  case  the  fauna  lived  in  shallow,  near-shore  seas,  which  were  probably 
only  slightly  more  open  in  the  case  of  the  Eaibab  than  in  that  of  the 
Moenkopi. 

With  the  knowledge  that  Doctor  Girty  is  working  on  this  fauna,  it  was 
flecided  that  the  description  of  new  siiccieB  should  be  based  on  the  larger 
and  geographically  more  extended  collections  in  the  National  Museum. 

Notes  on  a  few  of  the  species  are  heie  appended 

Pentacrinus  sp- — This  is  a  new  species.  It  is  very  small,  a  rather  larjie 
joint  measuring  3  millimeters  in  diameter.  The  depressions  of  the 
sides  are  shallow,  a  joint  varying  from  a  distinctly  star-shaped  form  to 
iilnioat  a  five-sided  polygon.  The  elliptical  figures  upon  the  face  of  a 
joint  are  broad,  filling  up  the  intermediate  space  with  their  radii,  though 
inside  each  ellipse  the  smooth  space  is  narrow.  Axial  opening  is  minute, 
round. 

Cf.  Orbkiiloidea  nitida  /Phillips). — Our  single  specimen  agrees  closely 
with  Walrott's  specimen  from  the  Eureka  District,  Nevada,  as  figured  by 
him  in  the  U.  S.  Geological  Survey  Monograph  8,  It  has  a  diameter  of 
20.  millimeters,  a  height  of  4  millimeters,  with  coarse  concentric  strise. 

Ortliolefes  irasmx  (M.  &  H.). — .\11  of  the  specimens  identical  with 
this  common  species  are  fragmentary.  Some  of  them  appear  to  approach 
rather  closely  Qirty's  Guadalupian  Derbi/a  ?  crenulata.  while  one  from 
the  Kaibab  Plateau  may  be  his  Derbya  nasuia. 

Chonetes  geiniUianus  Waagen. — The  specimens  identified  with  this 
species  exhibit,  when  exfoliated,  strong  radiating  markings  due  to  the 
structure  of  the  shell;  where  not  exfoliated  the  surface  shows  numerous 
minute  spine  bases. 

Pufina-r  omt/ensis  Swallow. — Our  specimens  are  similar  to  those  de- 
.e^-ribed  and  figured  by  Girty  from  the  Guadalupian  of  Texas*  The  fold 
and  sinus  are  of  moderate  strength,  with  three  rounded  plications  upon 
the  fold  and  three  upon  each  side,  the  la«t  lateral  plication  being  faint. 
Our  specimens  may  be  slightly  broader  in  proportion  to  height  than  the 
Guadalupian  ones. 

•  r,  S.  Geol.  SarT*7.  I'rof.  Pnper  B8,  1908,  p.  317.  pi.  24,  fle.  IB. 
XXXIT— Bi'i.i,.  Ckol.  Snc.  A>i.,  Vrti..  30.  lUlfi 
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DieUuma  bovidens  (Morton). — One  Bpecimen  from  the  Kaibsb  Fkteau 
maj  belong  to  D.  prolongatum  Qiity  from  the  Guadalupian.* 

Vliothyridina  orbicuiaris  (McCheHney). — Onr  Bpeciciens  agree  in  gen- 
eral-with  the  ones  figured  hy  White,  nnder  the  name  of  Spirigera  piano- 
Bvicata  PhillipB,  in  the  Report  on  the  100th  Meridian,  volume  4,  plate  10, 
figures  5a-d. 

Plagioglypta  canna  White, — -The  surface  ornamentation  la  well  slionn 
upon  some  specimens.  There  are  approximately  six  rounded,  conceutrii- 
linea  in  the  space  of  one  millimeter.  Faint  longitudinal  stiiations  were 
also  noted  upon  one  or  two  specimens.  Some  of  the  specimens  reach  a 
large  size,  13  millimetera  in  diameter — a  diameter  equal  to  that  of  speci- 
mens from  the  Lake  Minnewanka  r^ion  of  Alberta. 

Eupkemvs  carbonarius  (Cox). — With  this  species  are  identified  spni- 
mens  vhich  are  similar  in  size  and  general  appearance  to  Cox's  type  a^ 
figured  in  the  13th  Indiana  Survey  Keport,  plate  33,  figures  6-8.  They 
have,  however,  15-2(r  (instead  of  20-28)  revolving  costs.  There  is  iw 
true  umbilicus,  a  shadow  depression  only  being  present  in  this  region  •'( 
the  shell. 

E.  subpapUlosus  White  was  noted  by  Doctor  White  from  Wild  Baml 
Pockets,*  but  has  failed  to  make  its  appearance  in  our  collections. 

Xucvia  perumbonata  White. — Our  specimens  collected  from  the  same 
locality  as  White's  types  are  somewhat  thinner  (that  is,  measured  throu^'i 
the  combined  valves)  than  those  figured.'  Otherwise  they  are  appareiitlv 
identical. 

Leda  obesa  (AVhite). — Our  specimens  doubtless  belong  to  IThitc's 
?iwulana  obesa  originally  described  from  the  Wild  Band  Pockets  area. 
They  are  similar  in  shape,  size,  hinge-line,  and  surface  markings.  Out 
internal  mold  shows  that  there  was  a  rounded  internal  ridge  extendin.: 
from  the  beak  in  a  slight  curve  posteriorly  three-fourths  of  the  distsDi^ 
to  the  edge  of  the  shell.  The  position  of  this  rather  strong  internal  ri<I^^ 
appears  upon  the  outside  of  the  shell  as  a  faint  depression.  This  depres- 
sion also  occurs  in  the  specimena  figured  by  Girty  from  tlie  phosphat-' 
beds  of  Wyoming  and  Idaho.'  The  presence  of  this  iotemal  buttrc-? 
makes  this  species  approach  the  genus  OleidophoruF. 

Bakewellia  parva  M.  &  H. — Some  of  the  specimens  from  the  Moenkupi 
may  perhaps  have  been  better  identified  as  Pleria  rtrhardsoni,  describeJ 
by  Girty  from  the  Guadalupian.  Since  they  are  poorly  preserved,  they 
are  included  with  the  other  specimena  in  this  wide-spread  species. 

•  Op.  dt,  D.  SSI,  pt.  le,  Og.  6. 

•Contrlb.  to  Im.  Paleont.,  dob.  2-9,  p.  136,  pi.  34,  flg.  3a. 

'Op.  clL,  p.  ISe.  pi.  34,  flgg.  la-b. 

<  C.  S.  0«ol.  Surrej,  Bull,  436,  p.  40,  pi.  4,  fig*.  T.  8. 
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Lima  f  sp.  a. — Shell  inflated,  most  so  in  umbonal  region,  the  poBt«rior 
ambonal  slope  being  the  more  abrupt,  and  convex  in  ontiine ;  the  anterior 

margin  is  slightly  concave  in  outline.  Ears  small,  slightly  unequal,  the 
anterior  one  being  separated  by  a  rounded  groove;  the  posterior  ear, 
apparently  very  faint,  merges  gradually  into  the  body  of  the  shell.  Beaks ' 
pointed,  incurved.  Hinge  area  very  broadly  triangular,  with  apparently 
a  central  resiliifer.  Teeth  and  muscle  impression  unobserved.  Surface 
smooth.  Length  of  a  large  specimen  from  beak  to  front,  22  millimeters ; 
Greatest  width  anterior  to  mid-length,  18  millimeterB, 

Lima  f  ap,  6, — This  form  differs  from  Lima  f  sp.  a  in  its  smaller  size 
(length  of  average  shell,  15  millimeters;  greatest  width,  IS  millimeters), 
its  radially  striate  surface  (twelve  rounded  striie  in  the  space  of  4  milli- 
meters; these  are  separated  by  equal  interspaces;  the  concentric  grovth 
lines  thus  give  to  the  shell  a  minutely  cancellate  appearance),  and  in 
having  its  beaks  turned  toward  the  convex  margin  (instead  of  toward  the 
concave  one,  as  in  species  a).  It  was  at  first  thought  that  species  a  and  b 
might  be  opposite  valves  of  the  same  form,  but  we  apparently  have  in 
our  collections  both  valves  of  species  h  (though  only  the  right  one  of 
species  a) . 

Lima  sp,  c. — ^Shell  inflated,  though  less  so  than  in  the  preceding  species. 
Beaks  pointed,  separated  by  a  lozenge-shaped  area,  over  which  radiate 
grooves  from  each  beak.  Interior  unknown.  In  external  appearance  it 
somewhat  resembles  Avieulopecten  guadaltipensis  Girty,*  from  the  Guada- 
bpian  Permian  of  Texas.  In  each  the  anterior  ear  is  separated  from 
lliL'  body  of  the  shell  by  a  prominent,  curved,  angular  groove.  But  the 
alternation  of  broad  and  rounded  with  narrow,  angular  ribs  is  lacking  in 
Girtys  species,  as  apparently  is  also  the  rather  distinct  posterior  ear.  In 
each  the  radiating  ribs  number  about  SO  to  a  valve,  and  in  length,  from 
beak  to  opposite  edge  of  shell,  Girty'a  specimen  meaaurea  15  millimeters, 
while  ours  average  80  millimeters. 

Asfarlflla  gurle.yi  White. — Three  minute  specimens,  about  4  milli- 
meters long  and  high,  are  identified  with  White's  species.  Except  that 
our  specimens  are  smaller  (White's  type  measuring  7  millimeters  in 
length  and  height)  and  with  a  weaker  umbonal  ridge  than  is  figured,'" 
they  agree  well  in  the  subsquare  shell  outline,  low  umbos,  and  in  the  sur- 
face sculpture,  broad  concentric  furrows  separated  by  sharp  linear  ridges. 

PaUUostium  nodocostatum  (Gurley). — Our  numerous  specimens  ap- 
proach this  species  rather  closely;  an  average  mature  shell  measures  (in 
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millimeters)  in  height  of  shell  and  width  of  aperture  15  by  l.'i+;  tlu' 
largest  Bpecimen  in  our  collection  is  20  by  204--  TJmbilicua  distiuit, 
though  small.  The  pepitreme  espauds  rapidly  and  ia  broadly  rouniiivl 
across  the  dorsum.  Slit  band  is  sharply  defined,  but  not  much  elevatpil. 
.    Inner  lip  with  &  thick  deposit  of  callus. 

In  sculpture  our  specimens,  like  those  noted  by  Qirty  from  the  ilanzaDu 
group  of  New  Mexico,"  have  six  revolving  strife  in  the  space  of  5  inilli- 
meters,  but  they  have  one  to  six  less  regularly  arranged  transverse  stria' 
ID  5  millimeters.  The  transverse  i^tri^e  are  bent  backward  as  they  approach 
the  slit  baud.  Near  the  aperture,  the  first  half  inch  in  mature  six-finifii^. 
the  transverse  strite  are  more  regularly  arranged  and  more  immcnju^. 
5  to  6  in  5  millimeters.  Upon  the  remainder  of  the  coil,  back  to  llu- 
callus,  these  become  broad,  rounded,  irregular  undulations,  1  to  2  in  -i 
millimeters,  though  at  times  a  single  undulation  will  be  made  up  of  t>i'" 
or  three  transverse  strife.  In  addition  to  these  striie  and  undulatifii*. 
growth  lines  are  prominent.  In  young  shells,  under  10  millimeters  in 
diameter,  these  growth  lines  are  the  only  transverse  ornamentation: 
beyond  tliis  size  the  coarse,  transverse  undulations  make  their  appearai)i.'i'. 
The  regular,  conspicuous  revolving  striaa  occur  on  the  youngest  shell 
noticed.  As  in  the  type  of  this  species,  the  revolving  striie  become 
strongest  upon  the  crests  of  the  transverse  strife,  forming  there  pliiilit 
nodes. 

Possibly  some  of  o\A  small  specimens  may  belong  to  Bueanopsis  moiieHi 
Giity,"  but  since  there  are  in  our  collections  all  stages,  from  shells  witli 
no  transverse  strise,  or  undulations,  to  those  exhibiting  these  in  typical 
development,  it  is  thought  best  to  consider  all  as  the  young  of  P.  nodo- 
costatum. 

Our  form  differs  from  P.  montfortianvm  N.  &  P.  in  that  upon  tlic 
latter  the  revolving  striffi  are  of  two  sizes,  the  large  ones  alternating  wit:i 
several  smaller  ones.  In  P.  ouraijense  Gurley  a  cross- sect  ion  of  tlio 
peritreme  is  deltoid,  pointed  at  the  slit  band.  In  P.  helium  Keyes  tlie 
transverse  markings  go  nearly  straight  across  the  shell  and  are  not  curved 
backward  at  the  slit  band.  As  there  is  no  published  figure  of  P.  nodo- 
costalum.  definite  identification  is  difficult  and  our  form  may  prove  to  ho 
8  distinct  species. 

Cf.  Patellostium  ouraijense  (Gurley). — A  cross-section  of  the  peritreiae 
of  Guriej-'s  type  specimen"  shows  the  sides  compressed  and  narrowly 
rounded  at  the  slit  baud — that  is,  the  section  is  sub-deltoid,     A  few  of 

■T.  S.  Geol.  Survey,  Bull.  asn.  1»0B.  p.  102. 

"Op.  cit..  p.  103.  pr,  11.  tiB.  1. 

"Glrtj:  U.  S.  Geol.  Survey.  Prot.  Paper  16,  laoa.  p.  471,  pi.  10.  (Ig.  10. 
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our  specimeus  niaj'  belong  to  this  species,  thongli  the  rross-section  is 
more  broadly  deltoid  than  in  the  type. 

Warthia  americana  Girty. — A  single  specimen  from  the  Sawyers  Tank 
section  is  identified  with  this  Quadalupian  species.  The  dorsum  is 
helmet-shaped  when  young,  more  rounded  later  at  aperture;  umbilicus 
<-l(»ted ;  no  trace  of  slit-band  or  surface  ornamentation.  It  is  slightly 
larger  than  the  specimen  illustrated  in  the  Professional  Paper  58,  plate 
2;{,  figure  15. 

Wartliia  sp- — Our  collections  contain  a  considerable  number  of  rather 
poorly  preserved  shells  presenting  the  following  characters:  length  and 
breadth  subequal  (about  17  millimeters),  umbilicus  closed,  dorsum 
broadly  rounded,  surface  smooth. 

DiaCDSSiON  OF  Age  of  Formations 

IN  OENBRAL 

In  the  discussion  of  the  age  of  the  Kaibab  and  the  Moenkopi  formations 
it  sfciiis  well  to  begin  with  the  Redwall  and  end  with  the  Chinle.  In 
this  way  their  relation  to  tlie  formation  above  and  below  will  appear. 

REDWALL  LIUEBTOXB 

The  Eedwail  limestone  contains  typical  lower  Mississippian  fossils.  It 
IK  correlated  with  the  Escabrosa  of  southern  Arizona,  the  Madison  of 
Wyoming  and  Montana,  and  with  the  lower  Banff  shale  and  lower  portion 
iit  the  upper  Banff  limestone  of  Alberta. 

BVPAI   (LOWER  AlfD  MIDDLE) 

Wliat  appears  to  be  in  places  tlie  upper  portion  of  tlie  Redwall  contains 
a  Pennsylvanian  fauna.'*  These  massive  limestone  beds  in  the  western 
areas  of  tlie  Grand  Canyon  region  correspond,  however,  according  to 
Jj.  F.  JToble,'"  to  the  lower  Supai  red  shales  and  sandstones  of  the  more 
easterly  areas,  a  transition  occurring  between  these  areas.  The  shales 
and  sandstones  of  the  eastern  Eaibab  Plateau  division  of  the  Grand 
Canyon  area  become  toward  the  west  more  calcareous,  with  intercalated 
limestone  beds.  These  in  turn  give  place,  in  the  Kanab  Plateau  and 
farther  west,  to  a  maastve  limestone  like  the  Redwall.  The  region  of  the 
Kaihab  Plateau  was  thus  apparently,  during  lower  Supai  time,  tite 
boundary  between  the  open  sea  to  the  west  and  the  land  to  tlie  east. 

The  fauna  of  this  lower  Supai  f^  uppermost  Redwall  of  wcKtem  are:is) 


-  W.  T.  Lee :  U.  8.  Geol.  Siirvpj,  BuU.  ,19;.  1908.  p.  IB, 

"  CharleH  Scbucberl :  Am,  .lour.  Sc[..  4Ih  scr.,  toI,  4.^.  ini8,  p.  358. 
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is  very  Bimilar  to  the  Penosylvanian  fauna  of  KaDsae.  These  two  faunas 
are  compared  in  parallel  columns  by  A.  B.  Eeagen,"  with  the  conclusiuti 
that  out  of  36  genera  from  this  'HJpper  Bedwall"  3Z  occor  in  the  Kansis 
Pennsylvanian,  and  of  tbe  32  apecies  from  Hie  former  26  are  aUo  found 
in  the  latter. 

Between  the  Supai,  delimited  as  above,  and  the  Bedwall  occurs  a  dis- 
conformity,  representing  the  time  of  the  upper  Uississippian  and  portions 
of  the  middle  Miasissippian  and  lower  Pennsylvanian.  Tbia  makes  the 
Pennsylvanian  begin  in  this  region  with  the  deposition  of  the  lover 
Snpai  beds  after  the  land  period  represented  by  this  erosional  interval. 

8UPAI   iUPFER) 

According  to  David  White,  in  a  letter  to  Schuchert,"  the  few  fo6&il 
plants  found  in  the  upper  Supai  indicate  a  lower  Permian  age,  or  at 
least  an  age  not  lower  than  tbe  highest  Pennsylvanian.  These  red  bed; 
of  the  upper  quarter  of  the  Supai  formation  are  separated  from  those  of 
the  lower  three-quarters  by  a  disconformity. 

OOCOKIKO  aAKDBTONB 

With  the  exception  of  rare  amphibian  footprints,'*  no  fossils  have  been 
reported  from  the  Coconino  sandstone — a  gray  to  white,  strongly  cross- 
bedded  formation.  It  is  disconformably  separated  from  the  Supai  be- 
neath. 

KAIBAB  LIltaBTOVM 

The  Kaibab  Umestone  formation  consists  of  rather  thin-bedded,  more 
or  less  siliceous  limestones,  including  as  a  medial  member  one  or  two 
hundred  feet  of  gypsiferous  red  shales  and  sandstones. 

One  of  the  most  noticeable  peculiarities  of  the  Kaibab  fauna  is  the 
absence  of  true  Spirifers.  Such  characteristic,  abondant  and  wide-spread 
species  of  the  typical  American  Pennsylvanian  as  Spirifer  rockymontanus 
and  8.  cameratus  are  wanting  here.  At  tbe  same  time  pelecypods, 
especially  of  the  genera  Fseudomonotis  and  Bakewellia,  increase  in 
relative  abundance.  These  differences  aimilarlj  distinguish  the  Permian 
from  the  Pennsylvanian  in  Kansas."  Concerning  the  correlation  of  tlie 
Kaibab  limestone,  Girty"  later  concludes  that  its  fauna  "contains  a  num- 
ber of  species  which  are  very  similar  to,  or  identical  with,  species  thai 
occur  in  the  Quadalupian  fauna,     .     .     .     and  it  seems  less  improbab)>> 

»Cfntralbl.  f.  Hlncral..  1»0T,  pp.  009.611. 

"Op.  cit.,  p.  364. 

»  Scbncliert :  Op.  clt..  p.  350. 

uQ.  H.  Girtr:  tJ.  8.  Ocol.  Bairej.  Bull.  211,  1903,  pp.  TS-8B. 

»  U  C.  Noble:  U.  8.  Q«ol.  Sorrer,  Ball.  Mtl.  1914,  p.  Tl. 
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than  it  did  several  years  ago  ,  ,  .  that  the  Kaibab  limestone  is  of 
the  same  geologic  age"  (that  i6,  undoubted  Permian).  Schuchert" 
maintains  the  Permian  age  of  this  fonnation  still  more  strongly,  saying 
"that  the  Kaibab  limestone  is  of  early  Permian  age  is  now  admitted  by 
most  American  stratigraphers.  This  view,  however,  has  been  attained 
rather  from  Its  field  relations  than  through  a  study  of  its  marine  fossils." 

Throughout  Europe  the  Permian  is  characterized  by  a  fauna  very  simi- 
lar  in  its  general  composition  to  that  of  the  Kaibab.  It  contains,  in 
abundance,  representatives  of  the  brachiopods  Productu3,  Athyrit, 
Chonetes,  Spiriferina,  and  the  Orthida;  oi  the  pelecypods,  Allorisma, 
Schizodus,  Pseudomonotis,  Bakewellia,  and  Aviculopecten,  and  the  last 
representatives  of  the  trilobites  in  the  genus  PhiiUpsia.  Though  Spirifer 
is  very  abundant  in  the  European  Permian,  its  absence  from  the  Kaibab 
would  argue,  if  anything,  a  later  rather  than  an  earlier  age  for  this 
formation. 

The  red  shales  and  sandstones  of  the  Supai  formation,  with  their 
characteristic  cross-bedding,  mud-cracks,  and  raindrop  impressions,  indi- 
cate a  terrestrial  deposit  under  arid  conditions.  Such  aridity  is  similarly 
indicated  in  the  heavily  cross-bedded  Coconino  sandstone,  with  evidence 
that  much  of  it  is  of  wind  origin.  In  the  midst  of  the  shallow  sea  con- 
ditions of  the  Kaibab  limestone  {indicated  by  the  fauna  and  by  the 
presence  of  varying  amounts  of  quartz  grains  up  to  a  pure  sandstone)" 
occur  the  red,  gypsiferous  shales  of  the  middle  Kaibab,  also  indicating 
arid  terrestrial  conditions.  Evidences  of  aridi^  increase  with  the  Moen- 
kopi  and  higher  beds.  Suq^  prolonged  aridity  is  an  additional  evidence 
that  these  beds  were  deposited  during  the  almost  world-wide  aridity  of 
Permian  and  Triassic  times. 

The  Permian  age  of  the  Kaibab  limestone  is  thus  indicated  by  the  evi- 
dence of  wide-spread  and  prolonged  aridity,  by  the  absence  of  many 
typical  Pennsylvanian  species,  by  the  presence  of  forms  characteristic  of 
the  Permian  of  Europe,  of  that  of  the  Mississippi  Valley,  and  to  a  less 
degree  of  the  Guadalupian  Permian  of  Texas  (see  also  "Notes  on 
speciea").  It  is  further  indicated  by  the  paleobotanical  evidence  of  the 
Permian,  or  uppermost  Pennsylvania!!,  age  of  the  underlying  upper  Supai 
formation. 

UOBNSOPI  FORMATION 

The  Moenkopi  of  the  type  locality  at  Moenkopi  Wash,  north  of  Tanners 
Crossing,  was,  in  the  field,  apparently  traced  westward  to  the  Virgin 
River,  in  Utah,    The  rapid  changes  in  lithologic  character  and  in  thick- 
»  Op.  cit.  p.  MB. 

B  H.  W.  iDd  F.  H.  Shlmer :  Am.  ADtbrapoI,,  vol.  12.  1910,  p.  Z4B. 
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nesB  ill  terrestrial  deposits  naturally  make  such  work  less  certain  than  it 
,  would  be  iD  the  case  of  a  marine  limestone.  The  Moenkopi  throughout 
the  area  as  thus  extended,  consists  of  thin-bedded  red  shales  and  sand- 
stones, separated  at  usually  rare  intervals  by  limestone  lenses.  These 
limestone  beds  become  more  frequent  from  the  type  locality  westrard. 
These  limestone  beds  are  usually  thin,  5  to  10  feet  in  thickness;  some  of 
them  are  foseiliferous,  containing  a  marine  fauns. 

After  tlie  deixtsitton  of  the  great  thickness  of  Permian  strata — the 
upper  Supai,  Coconino,  and  Kaibab — came  a  period  of  erosion.  The 
^[oenkopi  seems  everywhere  throughout  this  portion  of  Arizona  to  be 
separated  from  tlie  underlying  Kaibab  by  a  disconformity."  Resting 
upon  the  Moenkopi  are  the  Shinarump,  and  upon  this  the  Chinle,  both 
nf  Upper  Triassic  age.  Upon  purely  stratigraphic  grounds,  therefore, 
this  would  tend  to  place  the  Moenkopi  within  the  Lower  Triassic.  The 
marine  invertebrate  fossils,  however,  which  at  restricted  horizons  are 
abundant  in  the  Moenkopi  red  beds,  considerably  complicate  this  strati- 
graphic  simplicity.  The  majority  of  the  fossils  have  Permian  afBnities. 
With  t!iese  are  associated,  however,  a  number  of  Triassic  forms  and 
others  whose  nearest  relatives  have  always  been  considered  as  belongin;: 
typically  to  the  Mesozoic.  Abetting  this  last  consideration  is  the  ^>seni.-e 
from  these  strata  of  some  of  the  most  typical  Permian  groups.  To  take 
these  diflferencea  up  briefly : 

The  Ttloenkopi  is  characterized  by  a  conspicuous  reduction  in  tlie 
brachiopod  fauna  (see  tabular  list  of  species  with  distribution).  Instead 
of  the  usually  strongly  dominant  position  held  by  this  class  in  the  upper 
Paleozoic,  it  here  occupies  a  very  insignificant  position  indeed.  The 
pelecy|)ods  are  now  the  most  important  frtunal  element,  both  iu  numl>er 
of  spe<'ie8  and  of  individuals,  with  gastropods  a  close  second.  In  this 
respect  the  Moenkopi  resembles  the  English- German  lagoon  type  ut 
Triassic,  with  brachiopods  rare  and  pelecypoda  exceedingly  abundant. 

The  Moenkopi  fauna  is  further  characterized  by  an  absence  of  mme  of 
the  typical  Permian  genera.  There  are  here,  for  example,  no  repre^nta- 
fives  of  Produrtits,  Spirifer,  or  Chonetes',  which,  through  the  great  pr-i- 
lificness  of  their  many  species,  eiwrywliere  assert  themselves  as  the  TOi«t 
important  elements  in  the  seas  during  tlie  closing  years  of  the  PaJeozoir. 
There  are  likewise  absent  from  the  Moenkopi  such  other  characteristi'^ 
uppermost  Paleozoic  genera  as  F-uaulina.  Lophophyllum,  Axophyllum.  tlie 
OrttmlfT,  Stropholonia,  and  Phitlipsia.  In  the  absence  of  these  genera. 
which,  through  their  many  species  and  innumerable  individuals,  give  t' 

"  Sm  also  Qtejory ;  U.  8.  Oeol.  Survfj,  Prof.  Papvr  98,  19IT,  p.  30. 
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Permian  faunas  the  world  over  their  characteristic  expression,  there  is 
lacking  in  the  Moenkopi  fauna  the  common  Permian  aspect. 

In  place  of  the  above  genera  we  find  in  the  Moenkopi  such  typiial 
Mesozoic  fonns  as  the  crinoid  I'entacrinus,  Triaseic  ammonites,  and  the 
genera  Xucula,  Lima,  and  small  Turrilfllas.  When  present  in  abundaiu-c. 
aft  here,  Hucula  and  Lima  are  much  more  characteristic  of  the  MeBozoic 
than  of  the  Paleozoic;  while  the  small  Turritellas,  in  contradistinction 
to  the  large  species,  similarly  characterize  the  Triasaic.  Triassic 
ammonites,  though  not  present  in  our  collections,  have  heen  gathered  in 
various  iw^^tions  from  Arizona  to  Idaho  in  strata  of  similar  age.  For 
example,  in  western  Utah,  in  Beaver  Canyon,  4  miles  east  of  Minersville,-' 
these  ammonites  are  accompanied  by  a  fauna  similar  to  that  of  the  lower 
Moenkopi  in  our  Arizona  sections.  The  strata  containing  this  fauna 
are  limestones  similarly  intercalated  between  red  shales,  which  in  turn 
rest  upon  a  more  massive  limestone  faunally  similar  to  the  Kaibab  of 
Arizona.  These  Utah  red  beds  Girty*'  correlates  with  Waleott's  Permian 
of  Kanah  Creek  in  northern  Arizona,  the  Permo- Carboniferous  of  the 
AA'asatch  mountains  in  northern  Utah,  and  the  Txiwer  Triasaic  (callcil 
^feekoceras  beds  from  the  Triassic  ammonifea  of  this  genus  present)  of 
^imtheastem  Idaho." 

In  brief,  in  the  absence  of  the  most  typical  Permian  genera,  in  the 
characteristic  Triasaic  reduction  of  brachiopods  and  increase  of  [>elecypod3, 
and  in  the  presence  of  typical  Triassic  forms,  a  Triassic  age  for  the 
Moenkopi  appears  to  be  indicated.  The  persisteiue  of  many  Permian 
species  tends  to  place  it  in  the  Ijower  Triassic.  If  this  be  true,  we  haii 
in  western  North  America  a  region  where  Permian  species  persisted  nntil 
after  the  ushering  in  of  Mesozoic  times.  The  most  typical  Permian  species 
!iad  died  off  with  their  confreres  in  other  parts  of  the  world,  hut  a  few  re- 
tained sufficient  energy  to  give  forth  replicas  of  themselves  (though  with 
slight  modifications)  into  Triassic  time.  The  normal  open  sea  of  the  Lower 
Triassic,  present  in  California,  Oregon,  and  Idaho,  was  separated  from 
flic  lands  in  the  Rocky  Mountain  region  by  a  lagoon,  or  lagoons,  occupying 
at  times  the  present  areas  of  northwestern  Arizona  and  western  Utah. 
Into  these  lagoons  came  at  intervals  representatives  of  the  normal  son 
fauna  to  the  west.  The  presence  of  tliese  visitors  in  thesfi  faunally  re- 
tarded areas  is  one  of  the  indications  of  the  existence  of  Mesozoic  time 
in  the  world  at  large. 

Dr.  (lirty  has  for  some  time  tentatively  held  the  Triaswio  age"  of  this 

"  D.  8.  Geol.  Santj.  Bull.  318,  190T,  p.  363. 
"Op.  elt,  p.  384. 

lino  Idem,.  Prof.  Papfr  B.l.  11117.  p.  SI. 
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formation.    Uore  lately  this  belief  has  become  a  convictioii.    In  a  letter 
in  1916  to  Gregory*'  he  saya: 

"Tbere  no  longer  seems  substantial  reason  to  donbt  that  Walcotf  s  Permian 
la  the  Lower  Triaaalc  {lleekocera*  sone)  of  Idaho  and  the  'PermocaibonUeF- 
oua'  at  Utah." 

An  alternative  to  the  Lower  Triassic  age  of  the  Moenkopi  is  that  the^ 
red  sediments  were  deposited  during  the  Upper  Permian,  and  at  this 
time  there  had  already  evolved  some  forma  which  later  became  typical  of 
the  Triassic.  In  this  paper,  however,  we  incline  to  the  belief  that  a  period 
begins  with  the  first  distinct  appearance  of  any  portion  of  the  fauna 
typical  of  it.  J.uat  as  old  leaves  may  persist  upon  a  tree  long  after  the 
bursting  buds  herald  the  presence  of  a  new  period  of  growth,  so  a  fauna 
may  persist  in  some  favored  regions  long  after  the  ushering  in  elsewhere 
of  a  new  fauna  declares  that  a  new  period  is  here, 

Shinarump  conglomerate." — A  gray  cross-bedded  conglomerate  and 
sandstone.  This  conglomerate  is  separated  from  the  Moenkopi  below  bv 
a  strongly  expressed  disconformity.  Qullies  in  the  Koenkopi  filled  with 
Shinarump  pebbles  and  fragments  of  wood  are  common  and  wide-spread. 
Some  of  its  pebbles  inclose  Permian  Fusulinidie.  "The  fossil  wood  au'l 
fragments  of  bones  in  the  conglomerate  are  believed  to  have  Upper 
Triassic  affinities."'" 

OHISLS  FORMATIOH*^ 

The  Chinle  formation  of  Gregory  (=  Ward's  upper  part  of  Lithoden- 
dron  member,  his  Leroux,  and  the  lowest  100  feet  of  his  Painted  Desert 
formation)  consists  of  variegated,  red  and  purple,  thin-bedded  g\-p- 
siferous  marls,  shales,  sandstones,  and  concretionary  Umestones. 

There  is  apparently  a  slight  disconformity  at  the  base  of  this  forma- 
tion." Vertebrate  fossils  described  some  years  ago  by  F.  A.  Lucas'*  are 
called  by  him  Upper  Triassic  in  age.  These  are  here  "the  same  combina- 
tion of  belodont  and  labyrinthodont  "as  in  the  Keuper"  of  Europe,  Tlie 
ostracod  crustaceans"  point  to  the  same  conclusion. 

■Op.  dt,  p,  81. 
"Oreaory;  Op.  dt.,  p.  ST. 

"Oreaoir:  TJ.  8.  Oeol.  aurTey,  Prof.  Paper  9S,  191T,  p.  41. 
■Greiory:  Op.  dt,  p.  42. 
■  Oregorr :  Op.  dt.,  p.  BB. 

•>8«leDce  (n.  ■.),  ret.  11,  1901,  p.  376:  D.  8.  Nat.  Uu>.  Proc,  vol,  27,  1001,  pp.  IW- 
J9H.    8m  also :  Ongorj.  op.  dt.,  p.  4S. 
"W,  Croie:  Jour.  Oeologr,  vol.  18.  1908,  pp.  lOT,  108. 
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Summary 

In  a  two  months'  trip  from  the  Mogollons  (south  of  Flagstaff),  in 
Arizona,  to  Hurricane,  Utah,  fossil  collections  were  made  from  sections 
in  the  Kaibab  limestone  and  Moenkopi  shales.  The  paper  discusses  eight 
such  sections  in  -the  Kaibab  formation  and  six  in  the  Moenkopi.  The 
conclusion  is  reached  that  the  Xaibab,  with  its  20  brachiopods,  7  pele- 
cypods,  and  2  gastropods,  is  of  Permian  age,  while  the  Moenkopi,  witli 
its  6  brachiopods,  81  pelecypoda,  and  11  gastropods,  belongs,  probably, 
to  the  Triassic  period.  A  total  of  69  species  are  listed,  34  from  the 
Kaibah  and  4.3  from  the  Moenkopi,  a  few  species  being  present  in  both 
formations.  Thus  in  this  region,  and  extending  northward  into  south- 
eastern Idaho,  we  have  (as  summarized  on  pages  485-486)  a  persistence 
of  some  Paleozoic  species,  continuing  with  very  little  change,  apparently, 
into  Mesozoic  time. 
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Intboddotjok 


Iq  present-day  acceptance  the  term  dimate  has  come  to  be  applied  to 
the  atmospheric  conditionB  or  weather  normal  to  a  given  localitf  or  re- 
gion, especially  as  afiectmg  life,  health,  comfort,  and  tbe  multifanouf 
activities  of  terrestrial  existence.  Although  there  are  very  considerable 
areas  of  the  earth's  surface  that  exhibit  similar  climatic  conditions,  it 
needs  little  reflection  to  demonatrate  that  the  climate  of  the  earth  is  by 
no  means  uniform  throughout.  If,  for  instance,  we  travel  either  north 
or  south  from  the  equator,  we  pass  successively  through  a  so-called  torrid 
zone,  a  temperate  zone,  and,  in  polar  lands,  a  frigid  zone,  each  with  minor 
but  distinctive  modiflcations.  In  other  words,  the  present  diatribntioD 
of  climate  is  zonal. 

This  zonal  distribution  of  climate  on  the  earth,  as  we  know  it  at  the 
present  time,  is  a  phenomenon  that  appears  to  have  had  its  origin,  or  it 
least  its  most  marked  accentuation,  during  and  subsequent  to  the  Pleido- 
cene  or  so-n^alled  Tee  Age.  Its  persistence  at  the  present  time  is  due  to 
the  very  good  reason  that  we  are  living  in  what  is  either  an  interglacial 
cycle,  of  which  there  already  have  been  several,  or  possibly  in  a  period 
that  may  represent  the  permanent  waning  of  the  Ice  Age.    Although  as 
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ftmiliar  and  as  seemingly  permanent  as  this  climatic  zoning  is  at  the 
present  time,  it  ia  believed  that  it  can  be  conclusively  demonstrated  that 
it  is  more  or  less  abnormal  or  exceptional — that  is,  when  earth  biatory  is 
Tiewed  as  a  whole  it  ia  increasingly  evident  that  the  time  during  which 
climate  has  been  distributed  in  zosee  repreeeots  but  a  small  fraction  of 
geologic  time. 
The  following  may  be  taken  as  the  thesis  of  the  first  part  of  this  paper. 

Relative  uniformity,  mildness,  and  comparative  equability  of 
climate,  accompanied  by  high  humidity,  have  prevailed  over  the 
greater  part  of  the  earth,  extending  to,  or  into,  polar  circles,  dur- 
ing the  greater  part  of  geologic  time— -aiuce,  at  least,  the  Middle 
Pijeozoic.  This  is  the  regular,  the  ordinary,  the  nonnal  condi- 
tion.* 

The  study  of  climatic  conditions  that  obtained  during  the  past — the 
study  of  foBsU  climates,  so  to  speak — is  beset  with  some  difficulties.  N'at- 
tinilly,  these  conditions  can  only  be  interpreted  through  the  impress  re- 
tained by  the  physical  and  biological  surroundings,  and  these  are  not 
always  of  equal  distinctnesB  or  equal  value.  It  is  not  the  intention  in  the 
present  paper  to  coneider  fully  the  purely  geologic  criteria ;  nor  is  it  the 
intention,  or  indeed  the  desire,  to  draw  any  invidious  comparisons  be- 
tween the  two  great  classes  of  biologic  criteria,  but  it  is,  I  believe,  gen- 
erally admitted  that  plants  inherently  possess  the  qualities  which  permit 
them  to  exhibit  the  more  reliable  criteria  as  to  the  climatic  conditions 
under  which  they  passed  through  their  life  processes.  A  great  majority 
of  animals  are  endowed  at  some  stage  in  their  life  cycle  with  the  powei 
of  locomotion,  which  enables  them  to  move  about  more  or  less  freely  in 
,  response  to  various  external  forces,  perhaps  the  most  important  of  which 
ia  that  of  the  climatic  environment.  When,  for  whatever  reason,  the 
conditions  become  unfavorable,  the  animal  is  more  or  less  free  to  change 
its  habitat;  but  with  the  plant  it  is  usually  quite  different. 

Pabt  I.  Paleobotanical  Evidence  in  the  Intebphbtation  of 
GEOLOGIC  Climates 

THUPERATfJRE  TOLERATION  IS  PLANTS  AND  ANIMALS 

Before  presenting  the  palcobotanical  evidence  regarding  ancient  cli- 
mates, it  is  pertinent  to  call  attention  to  the  fact  that,  whatever  the 
decision  may  be  regarding  geologic  climates,  it  is  certain  that  since  at 
least  Algonkian  time  terrestrial  temperatures  have  been  stabilized  be- 

'  D»»ld  White  and  F,  H.  Knowlton :  Bclpnce,  new  ser.,  toI.  31,  1010.  p.  760. 
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tween  relatively  narrow  limits,  elee  life  could  not  have  been  continnoas, 
ae  we  have  every  reason  to  believe  it  has  been.  "The  control  of  secular 
cliinatee,"  sayB  Professor  Cbamberlin,'  "is  obviously  a  condition  pre- 
requisite to  biologic  continuity.  The  preservation  of  a  narrow  range  of 
temperature  and  a  limited  variation  of  atmospheric  constituents  throngh- 
out  the  millions  of  years  of  the  biologic  past  was  absolutely  essential  to 
organic  evolution.  Continued  preservation  for  millions  of  years  to  com? 
seems  equally  a  condition  precedent  to  an  iatetlectiml  and  spiritual  evo- 
lution commensurate  with  the  physical  and  biological  evolutions  that  have 
preceded  it," 

The  vital  processes  in  plants  are  practically  suspended  when  the  tem- 
perature falls  below  33°  F.  (0.  C),  though  during  their  resting  stage 
many  plants,  especially  in  polar  lands,  are  accustomed  ia  endure  a  tem- 
perature of  — 70°  ¥.  or  even  lower.  The  opposite  extreme  is  shown  by 
certain  simple  types  of  algse  that  thrive  in  the  waters  of  hot  springs  luiiier 
a  temperature  approximating  200°  P.,  and  there  is  very  considerable 
diversity  of  algal  life  in  thprmal  springs  with  temperatures  rfln<rin^  bi'- 
tween  140"  F.  and  180°  F. 

It  is  now  known  that  certain  bacteria  and  protozoa  when  in  an  encysteJ 
or  resting  stage  can  successfully  endure  a  temperature  of  nearly  — 200° 
C.  for  six  months  and  about  — 250°  C.  for  shorter  periods,  and  the  spores 
of  certain  other  bacteria  can  withstand  for  a  shorter  time  a  temperature 
as  high  OS  120°  C.  These  extremes  of  tolerance,  however,  are  far  preater 
than  the  organism  could  endure  when  in  active  growth. 

The  optimum  temperature  for  plant  life  is  usually  between  33°  anil 
37°  C.  (71°  and  98°  F.).  There  is,  however,  quite  a  wide  range  for  spe- 
cies and  even  different  individuals  of  the  same  species.  "In  tropical 
plants  the  minimum  temperature  may  he  as  high  as  +10°  C,  while  tliose  , 
of  higher  latitudes,  where  tlie  first  plants  of  spring  often  grow  thruugh 
a  covering  of  snow,  as  well  as  those  of  the  higher  .\lp8  and  polar  regions, 
grow  vigorously  at  a  temperature  hut  little  above  zero." — ^Strasburger. 

The  extremes  of  temperature  between  which  animal  life  is  possible  are 
apparently  less  than  for  plants.  For  instance,  no  known  animal  finds  a 
congenial  habitat,  either  aquatic  or  terrestrial,  that  has  a  permanent  tem- 
perature of  300°  F.,  though  many  of  thera  can  and  do  carry  on  their 
essential  life  processes  at  a  temperature  considerably  below  32°  P.,  yet 
were  siich  temperature  to  be  reached  they  must  ultimately  succumb,  since 
in  its  last  analysis  "all  food  of  all  animals  is  supplied  by  plants," 

From  the  foregoing  discussion  it  appears  that  the  range  of  bioloiiic 

»T.  C.  ChamberllD  :  Jour.  Gwlogj.  vol.  1*.  1006.  p.  36a. 
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toleration  must  be  less  than  200°  F. — that  ia  to  say,  a  pcnoaoent  raising 
tif  terrestrial  temperatures  above  200°  F.,  or  a  lowering  below  32°  F., 
would  have  inhibited  life  on  this  globe.  It  iB  of  course  possible  that  life 
Torms  were  more  tolerant  of  temperature  range  in  the  earlier  ^(<(>logii; 
ages,  but  from  what  ie  now  known  of  the  nature  and  demands  of  proto- 
plasm this  seema  very  unlikely. 

PXLEOBOTASIOAL  CRITERIA  FOR  DBTBRMINATIOX  OF  CLIMATIC  COXDITIOXS 

I>uring  the  slightly  more  than  one  hundred  years  that  praeticallj  corer 
the  period  of  the  scientific  study  of  paleobotany,  a  vast  body  of  facts  has 
naturally  been  accumulated  regarding  the  vegetation  of  the  past.  The 
imperfection  of  the  paleontologic  record  of  course  still  leaves  many  km- 
<>ntHble  gapd  in  our  knowledge,  though  many  of  these  are  gradually 
being  filled  in.  At  the  same  time  the  study  of  the  living  floras,  by  which 
and  through  which  the  ancient  floras  must  in  large  measure  he  inter- 
preted, has  also  progressed  by  leaps  and  bounds.  Through  keenly  prose- 
cuted systematic  studies  the  floras  of  the  world  have  been  made  known 
to  ua,  while  through  the  newly  developed  study  of  ecology  we  have  come 
to  know  much  of  the  physical  and  environmental  re(]uirements  of  these 
floras.  To  this  must  also  be  added  a  greatly  increased  knowledge  of 
histological  and,  structural  details,  as  well  as  marked  advance  in  cmbryo- 
l(>gical,  developmental,  and  evolutionary  knowledge.  £ac)i  of  these  fac- 
tors is.  to  a  great  or  less  extent,  now  available  in  interpreting  the  floras 
of  the  past. 

Ill  seeking  to  ascertain  the  bearing  of  the  floras  on  the  climatic  con- 
ilitioiiB  that  obtained  at  the  time  tliey  were  living,  it  is  desirable  to  set 
f'lrth  the  criteria  that  nuist  form  tlie  basis  of  sucli  judgment,  and  which 
it  is  l>elieved  will  furnish  the  most  reliable  evidence.  As  I  have  stated 
<iu  a  former  occasioi] : 

"In  drawing  irunclu-sluiis  fvuin  Individual  orguulsuis  In  hu  Inquiry  oC  this 
kind,  ilepeiuleuce  must  of  (■ourse  bo  plaivil  on  our  knowledge  of  the  i>resei)t- 
<lay  requlremeuts  of  similar  cpecles,  and  the  n-sults  must  ulwavK  be  subject 
Ui  jwssHillity  uf  error  froin  two  source.^ — first,  from  tlie  incorrect  pluclii)!  blii- 
liiidcaliy  of  the  urganisw.  and,  second,  from  the  fact  tliat  Its  requirements  In 
]>ust  Keologlc  time  may  not  bav<^  licen  the  same  as  those  which  now  domliwte 
tlie  life  a<ltvitleK  of  its  suiijiosed  uuulofcue.  However,  wheu  all  the  elements 
'>f  ti  Hiiru  u|)i>enr  to  |Milnt  in  Ibe  .lauie  direction  the  ilntillity  to  serious  erri>r 
Is  mlnlnilwil.  If  not  ellmiuated." 

In  the  present  cojinection  the  criteria  that  may  si-fraingly  be  relied  on 
to  [uriiish  a  reliable  interpretation  of  cliiuatic  conditions  have  been  so 
succinctly  cnuni:iated  by  White  in  liis  paper  on  the  Origin  of  coal  that  I 
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yentore  to  quote  it  entire.  Although  it  wae  drawn  up  especially  to  eoTer 
the  conditions  dnriug  the  deposition  of  the  great  coal  deposits,  and  more 
particularly  the  Paleozoic  coals,  it  nevertheless  applies  with  equal  force 
to  all  horizons.    White*  writes  as  follows : 

"During  the  tiiQeB  ot  deposltloa  of  moat  of  the  principal  coal  groups  th« 
cdlmate  has  been  characterised  by  (1)  general  mlldnees  of  temperatnre,  ap- 
proactdng  In  moat  cases  tropical  or  subtropical;  (2)  consplcuons  eqnablUtj  or 
approilmatloD  to  uniformity  of  climatic  conditions,  which,  with  a  few  eicep- 
dona,  appear  to  have  lacked  cold  winters  or  severe  frosts;  (3)  a  g»Mnill7 
high  hnmldlty,  the  rainfall  being  from  moderately  heavy  to  Tery  heavy  and 
fairly  well  distributed  throogh  the  year,  though  In  many  cases  there  is  evi- 
dence of  the  occurrence  of  dry  periods,  which,  however,  seem  ordinarilj'  to 
have  been  comparatively  short  end  not  Hcvere;  (4)  an  amasingly  wide  geo- 
grapblcal  distribution  of  these  genial  and  equable  climates,  which  occurred 
seemingly  In  almost  uniform  development  simultaneously  in  the  high  and  In 
the  low  latitudes  of  both  the  Northern  and  the  Southern  Hemispheres.  lUs 
shows  either  that  the  essentially  uniform  climatic  conditions  were  truly  ei' 
traordlnary  in  geographic  extent,  with  little  regard  to  modern  climatic  Eones. 
or  that  the  formation  of  coal  was  mainly  confined  to  the  areas  of  the  above- 
prescribed  climatic  environment 

"The  principal  criteria  as  to  climate  ottered  by  the  fossil  plant  remains  pre- 
served either  In  the  coal  or  fn  the  enveloping  shales  and  sandstones  and,  aerr- 
Ing  as  a  basis  for  the  conclusions  stated  above,  may  be  summarlxcd  as  follows: 

"1.  Relative  abundance  or  luxuriance  and  large  sLse  of  terrestrial  vegeta- 
tion— that  la,  rankness  of  growth — Indicating  favorable  conditions  of  tempera- 
ture, humidity,  etc. 

"2.  Character,  condition,  and  amount  of  the  laud-plant  material  preserved 
as  coal  or  carbonized  In  the  rocks,  ^e  formation  of  xylold  coal  of  the  ordi- 
nary types,  composed  mainly  of  subaerial  vascular  plant  remains,  Indicates 
humidity.  In  regions  of  cool  temperature  the  humidity  required  for  the  Tor- 
mation  of  peat — the  Initial  state  of  coal— is  moderate;  in  wanner  diaiates. 
where  decay  la  more  rapid,  not  only  must  the  humidity  be  greatly  increased 
in  order  to  provide  the  necessary  wetness  to  retard  decomposition,  but  there 
must  be  no  long  dry  season  of  the  year  for  the  too  great  reduction  of  the 
water  cover.  The  observatloas  of  peat  formation  at  the  present  day  In  trop- 
ical climates  show  that  In  order  to  permit  the  deposition  of  peat  the  rainbll 
must  be  both  very  heavy  and  fairly  well  distributed  through  the  entire  year 

"3.  Great  radial  distribution,  seemingly  over  the  greater  part  of  the  earth, 
and  especially  over  wide  ranges  of  latitude,  of  identical  species  and  genera  In 
characteristic  association.  Indicating  the  extenalon  of  approximately  uniform 
climatic  conditions  In  these  regions.  Floras  Identical,  or  essentially  identical 
in  remote  or  detached  regions  can  owe  their  identity  to  no  other  cause  than 
approximate  continuity  of  the  enilronment,  whether  that  continuity  is  geo 
graphic  or  chronographic.  Coni'ersely,  migration  of  a  flora  without  change  L* 
possible  only  through  regions  of  essentially  identical  environmental  condltloas. 
Illustrations  are  found  In  the  Carboniferous,  Trlasslc,  Jurassic,  and  ]»«er 

'  David  Wblle:  Tbe  orl|[ln  of  coal.    U,  S.  Burean  of  Hloes,  Bull.  S8,  1913.  p.  ST. 
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Cietaceoos  floras,  and  even  to  a  remarkable  degree  In  the  Upper  Cretaceoua 
and  Tertiary  floras. 

"4.  Presence  of  tsi>eB  known  to  be  adapted  to  or  confined  to  the  warm  tem- 
peratures or  moist  cUmBtic  coniUttoas  of  tbe  present  day,  types  tbat  fliongli 
DOW  extinct  once  lived  In  association  wltb  otber  types  of  ascertained  tropical 
or  humid  habitats,  and  types  whose  descendants  or  nearest  surviving  relatives 
are  characteristic  of  warm  climates.  Examples  are  cycadalean  types  in  Car- 
bonlferons,  Trlassic,  Jurassic.  Cretaceous,  and,  finally,  In  the  Ollgocene.  In 
association,  since  the  Trias,  with  living  tropical  and  subtropical  genera  or 
families;  the  presence  of  tree  ferns  in  nearly  all  periods  of  coal  formation; 
palms,  cinnamon  trees,  climbing  ferus.  and  many  other  tropical  or  snbrtoplcal 
types  in  tbe  Upper  Cretaceous ;  and  bread-fruit  trees,  etc..  in  the  I>ower  Ter- 

"Ji.  Structures  of  the  plants  themselves.  Features  showing  rapidity  of 
growth— that  Is.  abundant  rainfall,  mild  or  warm  temperatures,  etc. — condi- 
tions favorable  to  rapid  growth : 

"(a)  Very  large  size  of  the  cells,  many  with  thin  walls,  and  large  Inter- 
cellular i^paces,  Indicating  rapid  growth  and  abundant  moisture,  noticeable  in 
tbe  woods  found  in  and  with  most  coal. 

"(b)  Large  siie  of  fronds  and  leaves.  Indicating  conditions  favorable  to 
growth  nnd,  at  present,  cliaracteristic  of  moist  tropical  habitats. 

"Cl  FriMiuency  of  lactntate  or  mucta-dlssected,  drooping  fronds  and  pendent 
branches  or  twigs  seemingly  adapted  to  facilitate  tbe  run-off  of  rain,  and  pro- 
tection of  tbe  stomata  in  grooves  on  tbe  nnder  sides  of  many  leaves,  as  In  tbe 
I«pl(lophytes  of  the  Carboniferous. 

"(d)  Smoothness  of  bark,  which  is 'Often  thick,  pointing  toward  warm 
humid  awamps. 

"(c)  Absence  of  growth  rings  In  the  woods  of  tbe  older  coal  formations, 
showing  climatic  conditio] in  favorable  to  practically  unlnlcrrupted  growth, 
and  the  ubKcnce  of  Ioiik  ilry  seanouB  or  winter  frost.  Such  absence  of  rings, 
when  noted  In  all  tlie  oKsoclated  types,  plainly  shows  tbe  approxlmatltm  to 
equability  of  climate. 

"(/)  Wide  occurrence  In  the  Paleozoic  coal  fields  of  hetero^iory,  requiring 
prevalent  swamp  conditions;  and  the  occurrence  of  delayed  fertlilKatlon  and 
of  devices  for  seed  flotation. 

"(gt  The  development  of  subaerlal  roots  In  many  of  the  types. 

"C.  A  elrcumstauce  tluit  may  be  observed  In  moHt  coal  fields  In  proof  of 
abundnnt  rainfall  at  the  time  of  coal  formation  Is  the  contlDUlty  of  many 
coal  benches  or  strata  from  one  hollow  or  pan  over  the  Intervening  shoal  or 
sand  bar  into  the  next  pan  or  along  the  slight  gradients  of  the  base  levels,  a 
circumstance  Imposulble  except  with  wulflcleut  rulnfnil  to  saturate  the  vegetal 
cover  and  maintain  a  gronnd-water  tiible  of  i-etarded  drainage  lield  by  the 
otMtructlng  vegetallon. 

"7.  Two  other  Interesting  lines  of  evidence  for  the  warm  climate  of  the 
Carboniferous  are  seen,  as  pointed  out  by  Potonlfi.  In  («)  the  development  of 
more  flowers  and  fmits  on  the  lower  parts  of  stems  and  branches,  as  In 
Ulodendron,  Slglliarls,  and  many  Calaraarla;.  a  characteristic  of  dense  tropical 
forests  at  the  present  time,  and  (&)  the  presence  in  many  ferns  of  Aphleblie, 
which  today  are  imknown  except  In  tropical  types." 
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Algoiik-uin  fioni. — So  [ar  as  now  known,  Uic  first  plants  of  wIih-Il  w  ■ 
lutve  4  definite  record  ttceitr  in  the  Algonkian  formatioiiii  of  tlif  Cor- 
ilillcran  area  of  weetetn  Amprii-a,  From  these  bciis,  whioli  tin'  nwr- 
than  5,000  feet  thick  anrl  fully  6,000  feet  below  the '  ovcrlyinf;  Ciiin- 
brian,  Mr.  Walcott'  has  described  6  genera  and  10  species  of  orjfanisnii 
that  had  the  power  of  secreting  and  depositing  calcium  antl  magnefiuui 
carbonate.  'I'hey  appear  to  l>e  algte  cloeely  allied  to  the  Cyamn^ypefp, 
or  bluf-grt'en  alga-,  mid  are  believed  to  have  been  largely  instrumental  in 
depositing  the  great  pre-Cainbrian  lirneatoneB  of  western  .Vmerica.  Tl'r; 
waters  In  which  Uieee  algte  lived  are  thought  to  have  been  fre^h. 

These  organisms  are  ?o  obscnreaiHl  still  so  little  understood  thHt  ii 
is  hazardous  to  venture  an  opinion  as  to  tJie  temperature  conditions  inulcr 
which  they  might  Tiave  lived.  \Valcott  makes  the  following  observMiii-n- 
as  to  the  climate  of  the  time: 

"The  pivseiice  of  Bveat  thicknesses  of  red  sandstones  and  ahnles  lii  tli<' 
Alguiiklaii  seftlouN  "f  the  (irnwtl  Canyonand  Belt  series  of  Montana  snp^i-^t* 
an  arid,  posslbl)'  a  colli,  cltmnte.  Oppof«d  to  this  are  the  great  limestone  l>e<N 
which  Indicate  a  fall-  HUii|ily  of  water  to  form  Inland  weaK  whose  temppntlure 
WHS  sufhclently  hljth  to  i>ermlt  of  an  ade^iuate  loowth  of  ulgrp  of  a  simple  type 
tliat  served  as  the  nijiPiicy  for  the  precipitation  of  vast  qnnntitles  of  cnlcortiMi-: 
matter." 

At  tltis  point  1  may  ntop  for  a  moment  to  consider  the  d«»ln('tion.^  '» 
be  drawn  from  the  prefemw  of  ro<i  beds.  Most  geologi.'jts  interpn-i 
the  presence  of  red  beds  as  an  indication  of  aridity.  On  the  i-imtnirv, 
it  seems  t»  me  that  the  evidence  is  fairly  winehisive  that  red  lutls  iiiuy 
have  been  formed  under  conditions  of  warm,  moist  climates.  Hrictly, 
the  reasons  for  this  view  are  as  follows:  1.  So  far  as  known,  wA  bni< 
are  not  being  formed  at  the  jtresent  time  in  any  desert  n-gioii,  but  it- 
niatundy  weathered  residual  soils  they  are  being  formed  in  sontheri' 
temperate  and  tropical  regions,  and  in  warm,  moist  climates.  2.  "Wv 
])lants  found  in  red  be<ls,  as,  for  example,  in  the  Permian.  Triasfit, 
etcetera,  are  not  pinched  or  depanperate,  nor  do  they  e\hibit  Tnark?il 
sorophytic  ailapfntions.  Moreover,  very  considerable  deposit-;  of  curl 
are  found  in  red  l>edfl  in  many  parts  of  the  world,  which  implies  thf 
presence  of  swamps  but  little  above  sealevel. 

On  the  basis  of  the  assumption  that  the  extensive  red  beds  in  tin 
Algimkian  indicate  warm,  moist  climatic  conditions,  and  that  the  a\2T 
call   for. warm  waters,  ^   venture  to  interpret  the  climate  r)r  at  Nii-i 

=  1'.   II.   WalootI :   rrp-ranjhrlBn   ylln'oiililiin   nfiihi   fl'irn.      HmllliAonlfln   Mlw.  Cn\i.,  ro'. 
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Upper  Algonkiaii  tim^  But  wHmi,  perhaps  Hubtropica).  (.loordi  native  tlvtu 
from  the  Bide  of  animal  life  consist  of  about  five  types  of  trails  or  biir- 
roH'K  and  fragments  of  a  suppowd  <.'rnKta<-ean  {ISellina). 

Cambrian  ami  Ordovicvni  fiorwi. — Plant  life  of  C'ambritii)  and  Ordovi- 
oJHM  time  is  practieally  unknown.  Waloott  speaks  of  having  Roen  a 
numbiT  of  algal  forms  in  eertain  Cambrian  formations  that  appear  to 
be  at  least  generically  similar  to  those  describcil  by  him  from  the  Algou- 
kian,  but  they  are  still  uudescribed.  He  adds:  "The  field  of  iuvcstiga- 
tion,  however,  is  a  large  one,  and  promraes  moHt  interesting  reBulta." 

An  ap))ea!  to  the  animal  life  of  the  time  show«  that  it  was  becoming 
increatiingiy  abundant  and  diversified,  and,  so  far  as  T  am  able  to  learn, 
it  indicates  warm  waters,  wide —practically  world-widt' — distribution, 
and  absence  of  marked  tljmatic  differentiation.  Ah  an  example,  men- 
tion may  be  made  of  certain  stony  lorals  (Areha^ocyathide)  of  the  Cam- 
brian that  are  found  in  Californiik,  Labrador,  New  Liberia  (70°  \.), 
>Sar<iinia.  Spain,  Australia,  and  Antarctica, 

There  is  every  reason  to  aupjwse  that  plants  were  equally  abundaiit 
and  wpially  undergoing  diveraiticatiou;  but,  as  they  were  still  confined 
to  an  aqueous  habitat,  they  have  left  little  trace  of  their  existence,  unless 
they  had  the  power  of  secreting  lime. 

tN'tfitriart  floras. — Our  knowleilge  uf  the  plant  life  of  the  Silurian  is 
ftill  extremely  limited.  It  consists  in  the  main  of  marine  alga',  and  of 
those  some  15  or  aO  supposetl  generic  types  are  recognized.  A  few  '>£ 
the  best  defined  types  are  thought  to  indicate  with  a  reHi?ouable  degree 
of  certainty  the  presence  of  the  modern  groups  Caulerpaeese,  Floridaceie, 
and  i^ieacee,  but  the  majority  are  so  poorly  defined  that  it  is  unwise, 
if  not  impossible,  to  attempt  to  refer  tiiem  with  certainty  to  living  groups. 

Dertmian  floras.— Thv  coming  of  Devonian  time  witnessed  one  of  the 
most  im|)Ortant  events  that  has  been  recorded  in  the  entire  history  of 
plant  life.  It  was  then  for  the  first  time — at  least  in  force — that  plants 
emerged  from  an  aqueous  habitat  and  began  their  conquest  of  the  land. 
In  early  Devonian  time  the  land-masses  were  in  the  main  Vow  and  flat, 
with  low  coasts  and  deep  bays  bordered  by  broad  marshes,,  in  which  the 
purface  was  intermittently  covered  by  brackish  or  fresli  waters  that  seem 
likely  to  have  offered  a  favorable  setting  for  this  momentous  transforma- 
tion.    White*  says: 

"It  seems  permisslMe  to  suppose  that  the  anceatorH  of  the  land  plants  were 
umpblMous.  psrhaps  Rruwlni;  where  exiN)seiJ  only  at  the  recession  ot  tbe  tide. 
It  fK,  I  believe,  probable  Ibat  these  early  plaiitn  were  but  sparsely  lollnte. 
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their  leaves  being  either  splnold  or  rer^  Bnull,  &nd  delicately  tbln.  The  latter 
were  probably  dorsallr  rolled  at  first  durlDg  the  Intervals  of  esposore  to  the 
air.  .  .  .  The  expansion  of  a  proper  leaf  and  the  production  of  an  aerial 
Sfstem  of  transpiration  were  presumably  gradually  evolved  as  the  plant  be- 
came weaned  from  Its  snbatineous  habitat,  and  accustomed  to  gain  \tn  food 
from  the  atmosphere.  However  this  may  be,  It  Is  fairly  dear  that  the  early 
representatives  of  the  dominant  Devonian  t}-x«s  were  of  limited  foliar  ex- 
panse. ...  It  also  appears  that  to  support  their  weight  in  air  a  reinforced 
cuticle,  later  developed  ae  a  very  thick  and  complicated  cortex,  was  nwde  to 
serve  until  a  woody  axis,  and,  eventually,  secondary  wood  should  be  fully 
produced  by  their  descendants.  From  the  characters  of  some  of  the  fossils  It 
seems  probable  tbat,  unable  to  stand  alone,  they  sprawled  or  clambered  about 
on  the  ground  or  on  other* plants." 

The  known  land  flora  of  tbe  early  Devonian  is  very  scantj  indecil 
The  vegetation  of  the  time  had  but  recently  emerged  from  an  aqueous 
habitat,  and,  it  is  to  be  preeumed,  was  of  thin-leaved,  hence  weak,  flacciii 
type,  differing  but  little  from  the  water-inhabiting  ancestors.  The  ma- 
trix in  whicli  it  should  be  found  is  coarse-grained,  and,  moreover,  the 
vicissitudes  to  which  the  rocks  were  subsequently  subjected  have  made  it 
almost  impossible  to  recover  recognizable  plant  remains,  even  if  sucii 
were  present. 

But  evolutionary  development  was  rapid  and  by  Middle  Devonian 
time  a  considerable  niunber  had  asanmed  an  upright  position,  thougti 
of  very  strange  and  forbidding  aspect.  Perhaps  the  most  characteristic 
types  are  PsUophyton,  Arthrostigma,  RachiopUris,  and  the  peculiar  fern- 
like  plant  known  as  Arckaopteris.  According  to  best  information  avail- 
able ArchtBopteria  is  not  a  true  fern,  but  is  a  pteridoeperm,  showing  that 
it  had  already  developed  the  seed-bearing  habit  which  would  seemingly 
imply  a  very  considerable  developmental  history.  The  hage  fern  trunks 
of  Caulopteris  show  that  the  erect  habit  had  gained  marked  headway. 

As  regards  the  place  of  origin  of  the  Middle  Devonian  flora,  Whit» 
says:  "Though  eastern  America  has  contributed  most  to  onr  knowledge 
of  this  flora,  it  is  probable  that  either  the  estuaries  of  northwestern 
Europe  or  the  Arctic  regions  offered  the  conditions  most  favorable  to  its 
development.  It  extends  both  east  and  west  in  a  high  degree  of  unity.* 
It  has  not,  however,  been  found  in  the  Southern  Hemisphere, 

On  coming  to  the  Upper  Devonian  we  find  the  land  flora  well  estab- 
lished and  in  full  swing.  It  shows  little  evidence  of  climatic  chang<.> 
from  the  Middle  Devonian,  but  exhibits  a  number  of  new  types  such  a-; 
Pseudobomia,  a  probable  protocahmarian  ancestor,  several  ferns,  « 
probable  ancestor  of  the  Lycopodiales,  and  a  Lepidode7idran-M]!e  fonii 
as  well  as  Archaopleris  and  trunks  of  Cordaites  {padorylon).     In  nt 
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least  two  groups,  one  of  which  (the  Cordaitales)  probably  formed  forests, 
the  seed-bearing  habit  was  clearly  established,  though  both  failed  to  sur- 
vive the  Paleozoic. 

The  place  of  origin  of  this  flora  was  apparently  in  eastern  North 
America  or  the  adjacent  Arctic  regions.  It  was,  however,  much  more 
widely  distributed,  many  of  the  same,  or  closely  related  forms,  ranging 
from  Pennsylvania  and  New  York  through  eastern  Canada,  Ellesmere- 
land,  Spitzbergett,  Bear  Island,  in  the  Arctic  Ocean,  the  Don  region  of 
Huasia,  the  British  Islands,  Belgium,  and  even  reaching  Queensland  and 
Victoria.  There  is  a  noteworthy  bed  of  coal  of  this  age,  3^  feet  in 
thickness,  on  Bear  Island. 

The  interpretation  of  the  climatic  conditions  under  which  the  Devo- 
nian floras  existed  is  beset  with  difficulties.  So  little  is  definitely  known 
concerning  the  flora  of  the  early  Devonian  t^t  not  much  can  be  said  of 
the  probable  climatic  requirements,  though  it  is  difficult  to  understand 
how  this  flora,  so  newly  emerged  from  the  water  and  composed  of  thin, 
delicate-leaved  types,  could  have  endured  except  under  uniform  and 
moiat  conditions,  and  it  seems  a  safe  inference  that  the  temperature  must 
at  least  have  been  warm. 

The  climatic  requirements  of  the  Middle  Devonian  flora  are  somewhat 
difficult  to  interpret.  Strange  and  harsh  in  aspect  as  this  flora  is,  it 
has  left  little  in  linear  descent  and  hence  it  is  almost  impossible  to  know 
the  precise  conditiona  under  which  it  could  have  lived.  The  fact  that 
it  is  so  widely  distributed  over  the  Northern  Hemisphere  implies  that 
the  conditions  were  uniform  and  without  obvious  climatic  zones.  Its 
origin  in  or  free  migration  over  Arctic  lands  points  at  least  to  mild 
conditions.  This  view  is  supported  by  evidence  of  marine  invertebrates. 
Schuchert  says:  "Warmer  conditions  again  prevailed  in  the  Northern 
Hemisphere  early  in  Middle  Devonic  times,  for  coral  reefs,  limeatones, 
and  a  highly  varied  marine  life  with  pteropod  accumulations  were  of 
wide  distribution." 

The  Upper  Devonian  floras,  however,  are  more  easily  and  safely  inter- 
preted. Their  wide  distribution,  which  includes  not  only  the  Eastern 
and  Western,  but  also  the  Northern  and  Soathem  Hemispheres,  shows 
that  the  conditions  of  uniformity  were  still  maintained,  while  the  com- 
plete absence  of  grovrth  rings  in  the  woods  shows  the  absence  of  severe 
changes  in  temperature  or  intervals  of  prolonged  drouf^t.  Therefore 
the  climate  must  have  been  equable  and  at  least  mild. 

There  is  undoubted  evidence  of  local  and  more  or  less  circumscribed 
glaciation  in  the  later  stages  of  Devonian  time,  as,  for  example,  in  New 
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York,  where  it  has  been  studie*!  by  Dr.  John  M.  ("larkc.  Then;  is  irn 
iudicRtioQ,  however,  that  this  affected  the  tempcratnre  of  the  oceans  as 
refleeted  by  tnariiie  life,  (.'oiiceriiing  this  point  Dr.  Clarke  writes  itid 
as  follows:  "Data  from  tlie  invertebrate  marine  faunas  are  not  merely 
negntive.  I  tliink  they  are  constructive ty  positive  in  favor  of  absemt 
of  climatic  zones;  that  is  to  say,  in  the  main  corroborative  of  your  gcii 
era!  proposition  of  a  uniform  undifferentiated  climate." 

Recently  Mr.  G.  P.  Matthew '  has  published  a  paper  under  the  title, 
"Were  there  climatic  zones  in  Devonian  time?"  in  which  he  attempts  ty 
allow  that  there  are  marked  ecological  differences  between  certain  flora.^ 
of  the  eastern  United  States  and  Canada,  on  which  he  preilieate*  tht 
climatic  differences.  But  this  is  based  on  material  that  comes  from  Ixiis 
of  undoubted  Carboniferous  age  which  are  compared  with  plants  dI  un- 
doubted Devonian  age — the  perpetuation  of  an  error  to  which  the  author 
has  long  been  wedded.  No  further  discussion  of  this  contention  seems 
necessary. 

('arboniferoini  fiorm. — In  general. — During  Carboniferous  time  jiIhiU 
life  had  become  so  abundant,  so  diversifietl,  and  so  widely  dispersed  nvcr 
the  globe  that  a  complete  analysis  of  this  flora  in  all  its  phases  wmiM 
demand  far  more  space  than  ia  at  command,  hence  only  an  outline  of  tin' 
salient  facte  bearing  on  the  question  of  climatic  conditions  can  be  at- 
temptetl.  Althougli  there  have  been  some  differences  of  intcr]>retatiun 
there  seems  now  to  be  substantial  agreement  on  the  essential  points  undrv 
discussion,  namely,  that  there  was  an  abundant  supply  of  moisture,  i 
wide  distribution  with  little  indication  of  climatic  zones  or  markeil 
botanical  provinces,  and  that  the  climate  was  equable.  This  leaves  oih.'u 
for  consideration  the  fixation,  if  reasonably  possible,  of  the  probabte 
temperature  range. 

Mississippian  floras. — It  might  be  presumed  that  in  pa.ssing  from  thu 
Devonian  into  the  Mississippian  there  would  be  a  gradual  merging  »< 
plant  forms,  but  in  certain  regions,  at  least,  there  is  found  to  be  «  quite 
unexpectedly  sharp  difference  in  the  floras.  The  early  Mississippian  ws- 
a  time  of  sea  expansion,  and  in  many  widely  scattered  parts  of  the  world 
conditions  became  favorable  for  the  formation  of  coal.  'This  new  flora, 
which,  according  to  White, 

"lived  in  the  restricted  basins  of  the  early  Mississippian  oonsists  of  Trlptijl- 
lopteris,  the  l)road,  large-nlunuled  Anelmites,  the  linear  tjp«  of  Sphenopteria. 
C'.t'clostlfcnia.  EokdullB,  and  the  acninbiate  Iiepidodeiidra  clitefly  of  tlie  o»rni- 
tiatitm  group.    ... 


'.  Uattbew:  Tvans.  Ituy.  Snc.  OnniaH.  3d  vvr.,  *o1.  S,  *ec.  4,  1911.  ppL  135-1S3. 
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"Either  on  acw>unt  oC  taotl  or  raarlue  barrlem,  or.  becAuae  tlt^  climatic  con- 
(UthMis  tbrougbout  the  Narthem  Hemhqiht^ru  may  at  the  outset  have  been  less 
Uiiiform  than  lu  the  pretteillii);  e^ioch,  the  difCerent  ui-ens  exhibit  more  or  lesx 
ilistiuot  local  floral  lilfTereiK'es.  TIium  in  the  I'ocono  of  West  Virginia  and 
MiKtpra  I'eiinKjlvniilu,  where  Triphjlliipteris  and  the  ffirJupAfsm  type  of  tep!- 
dodeodrm  are  aliaoHt  without  cotupetttion,  the  former  achlered  a  retuarkaMe 
dllTer«Dtlatlon  far  uurpawiine  that  kuowD  in  auy  other  area.  In  Nova  Scotia, 
i>u  the  other  hand,  the  Horton  !>erieR,  which  I  regard  as  practically  coatem- 
piirHiieuiu  with  the  I'ucunii,  <HiiitaiiiH  the  Name  Ijepldodendra,  ac-compauied, 
hiiwpver,  h.v  Aiietultew  hiKteuil  of  Trlphyllopterlw.  In  both  the  reglonii  the 
fornuitions  are  In  olone  relatione  with  the  Upper  DeToiilan.  .  .  .  All  the 
geuera  mtugle  iu  Arctic  Burope  uud  Siberia,  where  CycloBtlKsia,  probably  of 
ArctU'  Ijirth,  has  H  good  det'elopmeut." 

Ill  iiiiildle  Mis^iitsippiaii  time  tlie  earlier  flora  lias  bt-eii  largely  re- 
placed by  one  that  ii  very  lURerent  in  aspect-  Here,  says  Whit*;,  "We 
iitiii  a  flora  essentially  conaiatiiig  of  Hhacopteria.  (-anliopteris,  Astero- 
raiamites    (=Bomia),  'witli   LfpUiodendrm   volkmannianum ,   and   L. 

irHlirimunnnii,  Hf('(mi]iaiiied  by  a  gradually  iiirreasing  group  of  Sphpnop- 
teride." 

Tbis  flora  lias  a  very  wide  raiifie  in  the  Old  World.  UriginatJnf;  or 
iM-st  known  in  western  Eunipe,  it  extended  westward  into  Siberia,  and 
8<iutlu'a.''t  probably  through  the  Balkaiii!  and  Persia  to  South  Africa  and 
Aiwtralia,  and  thence  presumably  by  way  of  "(iondwaiia  land"  to  Argen- 
tina, in  the  New  World.  The  flora  of  this  time  in  the  Appalachian  region 
is  so  little  known  that  close  comparisons  arc  not  yet  possible. 

The  climate  duriiifr  middle  Mississippian  time  was  undmibtedly  nn)d- 
erate  and  uniform.  For  although  the  members  of  this  flora  "do  not 
attain  the  gigantic  proportions  nor  the  specific  differentiation  of  their 
('arl)oiiiferous  successors,  yet  the  relative  homogeneity  and  the  f^reat 
radial  distribution  of  this  flora  arfrue  for  the  absence  of  distinct  climatic 
zones  in  the  recent  sense,  while  the  apparent  tack  of  annual  rings,  so  far 
a^  tlic  woods  have  been  specially  examined,  is  opposed  to  the  idea  of 
seasonal  changes." 

Knowledge  of  the  uppiT  Mississippi  an  flora  is  still  far  from  satis- 
factory,  cither  as  to  co]n]iiwition  or  geographic  range;  hence  only  tenta- 
tive conclusions  can  be  drawn  as  to  the  probable  climatic  conditions 
under  which.it  lived.  Trom  the  fact  that  certain  of  the  plant  types 
exhibit  somewhat  depaui)eratc,  semi -coriaceous  foliage,  and  the  possible 
preson<'e  of  growth  rings  in  ct;rtftin  of  the  woods.  White  considers  it  as 
at  least  "proNnsionally  admissible"  that  there  were  somewhat  severer 
climatic  conditions  with  more  or  less  seasonal  change. 

PennBvlTania  floras. — With  the  inauguration   of  Pennsylvania  time 
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there  came  a  remarkable  change  in  the  flora,  vhich  was  perhaps  due  to — 
or  in  any  event  was  accompanied  b; — renewed  sea  ezpanEdon.  Many 
new  j^pea  were  either  introduced  or  became  dominant  elements,  such 
as  Cheilantbes  (Peeadopeoopteris  in  part),  Eremopteris,  Lonchopteris, 
Megalopteris,  Neuropteris,  Bothrodendron,  Ulodendron,  Lepidophlois, 
etcetera. 

The  PottBville  and  Allegheny  time  of  North  America  is  the  approxi- 
mate equivalent  of  the  Westphalian  or  Kuscovian  of  the  Old  World  and 
witnessed  the  maximum  development  of  such  genera  as  Alethopteris, 
Neuropteris,  Sphenopteris,  etcetera.  The  climatic  conditions  must  have 
been  very  uniform,  for,  while  there  are  slight  differences,  this  flora  is 
found  to  have  an  almost  world-wide  range,  in  fact,  as  White  says : 

"The  priQKirtloD  of  Identical  Bpe<Jes  Is  so  large  as  to  necessltBte  an  extra- 
ordinary lack  of  barriera  to  the  freest  migration.  The  flora  of  the  basin  of 
Heraclea  In  Asia  Minor  lends  Itself  readily  to  correlation,  stage  by  stage, 
witb  three  corresponding  tonnatlona  of  tbe  Pottsvllle  In  the  Appalacblan 
trough;  also,  of  the  33  species  reported  by  Zelllar  In  a  collectloa  from  the 
Westphalian  of  the  Djebel-Bechar  region  of  Russia,  2G  are  present  \a  the 
Pottsvllle  of  the  Appalachian  trough." 

With  the  possible  exception  of  the  Jurassic  it  seems  safe  to  say  that  at 
no  time  in  the  history  of  the  world  has  there  been  such  uniform  condi- 
tions and  consequent  wide  distribution  of  plant  life  as  that  of  the  West- 
phalian. Thus  we  And  these  practically  identical  asBemblages  of  plants 
wide-spread  over  western  Europe,  central  and  eastern  Asia,  South  Africa, 
eastern  North  America,  and  probably  Bouthem  South  America,  or  froci 
latitude  68°  N.  to  25°  S.  and  from  longitude  110°  E.  to  100-f  °  W. 

At  .the  close  of  Allegheny  time  and  the  incoming  of  Conemaugh  or 
lower  Stephanian  time  there  was  quite  a  marked  change  in  the  flora  that 
may  or  may  not  have  been  due  to  climatic  change.  The  gigantic  Lepidt:- 
dendra  had  almost  disappeared  and  their  places  taken  by  a  group  of 
huge  tree-ferns,  known  from  the  trunks  as  Psaronins  and  from  the 
foliage  as  Pecopteris.  This  by  some  ie  interpreted  as  evidence  of  shoit 
dry  seasons,  which  seems  to  be  corroborative  of  the  usual  explanation 
of  the  origin  of  red  beds,  that  is,  as  a  result  of  distinct  aridity.  That 
Iheire  may  have  been  some  climatic  modification  is  poBsible,  but  the  mere 
presence  of  red  beds  can  not  be  accepted  as  proof  positive  of  a^idit^-. 
On  this  point  White  '  writes  as  follows : 

"From  the  paleobotanical  standpoint  the  widely  corrent  belief  that  arldltj- 
In  the  actual  sense  Is  to  be  assnmed  as  causally  and  almost  IndlspensaMy 

■  DtLtW  White :  Tbe  orlRln  o(  «oal.    Barean  of  HIdcb.  Bull.  S8,  IBIS,  pp.  77,  78. 
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ttsodated  witb  red-bed  depoaitloa  Is  not  well  founded.  .  .  .  However,  Id 
appoBttion  to  Bnch  a  coDclnslon  it  moat  be  noted  tbat  (a)  tbe  flora  In  tbe  red 
beds  has  not  been  dbaerved  to  differ  very  markedly  from  tbat  In  tbe  regions 
at  dark  contemporaneous  sediments,  indndlng  coal;  (b)  the  plants,  tbougli 
less  varied,  are  not  reduced  in  sise,  nor,  possiblf,  in  number;  (c)  coal,  nanally 
IMn,  to  be  sore,  occurs  in  the  midst  of  tbe  red  beds  of  the  ConemauKb  both 
In  the  eastern  and  tbe  Rock;  Mountain  regions  of  America  as  well  as  in 
Eurt^,  some  of  Uie  coal  being  thick;  (d)  the  evidence  of  seasonal  growth 
('amiual  rings')  In  the  Conemaugb  woods  yet  examined  Is  slight,  though  the 
rlDgs  are  a  little  more  distinct  than  tn  the  Allegheny  woods;  (e)  tbe  great 
Mlamitean  growth  appears  unimpeded,  though  many  of  the  giant  species  are 
provided  with  thick  xylem  and  cortex;  (/)  the  nearest  llTlsg  relatives  of  tbe 
l*naronll — the  Marattiacere — are  now  exclusively  tropical." 

From  these  facta  it  is  evident  that  the  climate  of  this  time  was  mild, 
practically  free  from  frost,  and  still  abundantly  supplied  with  moiBturo 
as  att^ted  by  the  formation  of  peat. 

In  the  upper  Stephanian,  which  correspondB  approximatdy  to  the 
Monongahela  of  the  North  America  section,  there  was  a  reviyal  of  wide- 
spread uniformity  of  climatic  conditions  as  indicated  by  the  thick  de- 
posits of  coal  in  many  parts  of  the  world.  There  is  evidence  in  the 
plants  that  there  was  an  absence  or  nearly  complete  absence  alike  of 
winter  cold  and  at  least  prolonged  seasons  of  dronght.    White  concludes : 

"On  the  whole  tbe  paleobotaiilcal  Inferences  are  tbat  during  Monongabela 
time  tlK  climate  was  mild,  probably  subtropical,  and  nearly  uniform  over  tlie 
greater  part  of  tbe  earth,  as  shown  by  tbe  geographic  distribution  of  the  trpes 
that  were  able  to  extend  in  relative  purity  of  association  to  identical  species 
roDDd  tbe  world  from  east  to  west,  and  from  tbe  latitude  of  Ehigland  and 
Hancburia  on  the  north  to  southeastern  Africa  on  tbe  south." 

The  testimony  of  the  animal  life  of  Carboniferous  time  as  to  climati-; 
conditions  is  in  substantial  accord  with  that  of  the  plants.  Thus, 
Schuchert*  says: 

"nie  world-wide  warm-water  condition  of  the  late  Devonlc  seas  of  the 
Northern  Hemisphere  was  continued  into  those  of  the  Lower  Carbonic  These 
latter  seas  were  also  replete  with  a  varied  marine  life,  among  which  the 
corals,  crlnids,  blaetlds,  echinids,  bryozoans,  brachlopods,  and  primitive  sharks 
played  tbe  in^portant  rdles.  Limestones  were  abundant  and  with  the  corals 
»t«9ided  from  the  United  States  into  Arctic  Alaska.  Reefs  of  Syrlngopora 
are  reported  tn  northern  Finland  at  97°  55'  N.  .  .  .  Tbe  marine  faunas  of 
Upper  Carbonic  time  were  fairly  uniform  in  development,  and  many  species 
had  a  wide  dlitributlon.  .  .  .  The  very  large  Insects  of  the  Coal  Measures 
tell  tbe  same  climatic  story.  They  were  'brutal  robbers'  and  scavengers  living 
la  a  tropical  and  subtropical  climate,  or  at  tbe  very  least  In  a  mild  climate 

•Cbarle*  Sebacliert:  SmltluoaUn  Imt.,  Add.  Kept.,  1614,  p.  2M. 
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devoid  uf  frostB.  We  thcrefure  cotuHude  that  aft«r  Middle  DeTonlan  time  tb« 
climate  uf  the  world  wae  aa  a  rule  niiUonuly  warn  and  more  ur  lees  hiutU 
aiul  remalued  so  to  the  cloee  of  Uiiper  Carbunio  time." 

Pcriiiiaii  flora  ami  its  climatic  aigiiificauce,— Tlic  Permian  flora  iir;' 
suiit-s  many  poiiite  at  extreme  intervHt.  An  alcendv  Htated,  duriu^  hdiI 
at  the  close  of  Stephanian  or  Pennsjlvaiiian  Cattooniferons  time,  the 
climate  was  uniform  and  milt!— perhajMi  Biibtropical — and  as  a  coii-t- 
qui'iicG  the  plants  in  practicaUy  identical  a»«(>mbla;;(.>s  were  almost  u'utM- 
wide  in  distributitm.     Distinct  botanical  proviuci>s  are  not  known. 

The  incoming  of  the  Permian  inauguratod  a  series  of  erents  ttiat  pm- 
iluted  a  very  profound  modification  of  both  climate  and  plant  life— 
tliHt.  is,  the  ao-calle<l  "Permo-('arl>uniferous"  glaciatioii.  This  glacia- 
tiun,  which  occurred  very  early  in  the  Permian  and  was  probably  ^r 
e'en!  pa  rati  vely  short  duration,  was  jtrincipalty  about  the  Indian  Uce^ui, 
and  affected  wide  areas  in  India,  South  Africa,  Australia,  and  eastern 
South  America.  This  created  two  sharply  marked  botanical  provincef-- 
a  iiortlnirn  and  a  southern  pruvinee.  In  the  nortlwrn  pruviuec,  whicli 
includes  North  America,  Europe,  and  northern  Asia,  the  Stcphaniuu 
flora  WHS  able  to  continue  with  comparatively  slight  change,  while  in  tli" 
.south  the  original  flora  wa8  mainly  wiped  out,  and  later  succeeded  by  tlic 
so-called  Gangamoptcris  or  Gloasoptcris  flora.  The  dominant  types  arc 
(fangamopteris,  Glossoptcris  Vcrtebraria,  \europteridium,  Xoegfrcni- 
tliiopsis,  Phyllotheca,  Schizoueura,  Ottokaria,  etcetera.  This  is  not 
utrictly  a  glacial  flora,  though  in  some  places,  as  in  Australia,  it  is  fimiid 
in  a  higher  inter-glacial  epoch.  It  is  persumed  to  have  originatetl  on  a 
land  nuiss  ((ioiidwana  Laud)  about  the  South  Pole,  andbeinj:  a  torro;- 
(rial  flora  there  must  have  been  practical  land  connection  essential  I  > 
'  .its  passage  from  these  now  widelv  separstetl  areas — Indi&,  South  Africjt. 
Australia,  and  Brazil.  The  e.xisteuce  of  this  former  land  bridge  i- 
greatly  strengthened  by  the  Jlnding  of  Glossopteris  by  the  Scott  Anfarciii- 
E.xpeditiou  witiiin  5  degrees  of  the  Soutli  Pole, 

During  the  time  of  actual  glacial  occupancy  tlie  climate  was  ua- 
doiibtcdly  severe,  and  this  influence  esteiuled  over  a  wider  area  than  v»f 
dominated  by  the  Pleistocene  glaciation.  Thus,  in  certain  woods  fnuivi 
rather  closely  associated  with  these  early  boulder  beds  in  Au.-itralia  ami 
South  Africa,  the  growth  rings  are  indicative  of  sharp  seasuual  cluuigi'*- 
but  it  is  evident  that  very  soon  after  the  close  nf  glacial  activity  gren'l; 
ameliorated  climatic  conditions  were  soon  rpstorcd,  for  woods  in  the 
higher  beils,  as  in  South  America.  sh()w  very  little  evidence  of  sensonal 
growth  rings.     This  early  rpstoration  of  favortibie'  rlimatic  conditions 
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U  further  shown  hy  the  ftKt  that  certain  typee  cliaracterietic  of  thj 
itortheru  provihc-e,  Bttcb  at)  Ijcpodeiidron,  Xepidophloie,  SpheBOphyllum; 
«ti:i'tera,  had  penetrated  the  southern  province,  and  (iangamopteriB  tod 
(ilwsopteris  had  been  able  to  reach  the  northern  province  in  northern 
KuBsia. 

White,'"  writiujf  of  these  t-onditionH,  says: 

'Tlie  cuudltlouH  which  liruught  the  new  flora  liitu  being  banished  or  c\tcr- 
■Dlnated  tbe  conraopolitan  or  northern  I'ermo-Carbonlferous  Sora  from  the 
GangamoptertH  province.  Tbe  early  return  of  a  few  of  the  hardier  IjcopoOla* 
i«uuH  forniH  tn  Argentina,  Brazil,  anil  South  Africa  has  already  t>een  men- 
liuiied.  Most  of  the  former  plant  iiopulatlon  of  the  province  dl«d  lu  e\Ue,  and 
oiil.v  their  pOHterlty,  especially  amontc  tbe  Cladophteboid  formM  end  the  Arau- 
cnriftii,  Glnlcgodean,  and  C.vradalean  KymuoHpermiH  were  able  to  traverse  the 
luMt  territory  and  contest  the  <iau)nuiot>terb<  oiH'Uiiiitiun." 

Tria.i.tu-  fiorius. — Hocks  of  Triamiic  afn^  arc  knoivii  in  inaiiy  ]>arts  of 
llii'  voM  ami  indicsti.'  two  tyiu's  of  ilqMisition,  ii  frc^sh- water,  niiirsh.  or 
lagoon  phase  and  a  marine  phase,  the  Utter  being  by  far  the  most  exten- 
sive, which  accounts  for  the  meugemess  of  tlie  flora.  Owing  to  various 
considerations,  physical  and  otherwise,  concerning  which  there  is  not 
complete  agreement,  the  lower  jwrtions  of  the  Triassic  afford  but  scanty 
plant  remains,  and  it  is  not  until  we  c-onie  to  the  upper  portion,  ur 
Jihjctic,  that  it  can  really  1m>  dignified  as  a  flora.  Our  American  Triassic 
is  thought  to  l)clong  largely  to  this  portion. 

The  known  plants  of  the  TrJasaic  arc  rchitiveiy  few  in  number.  In 
North  America  there  are  leas  than  150  siH'cles  known,  and  the  whoU* 
I'riassic  flora  that  has  been  recovered  hardly  exceeds  +00  forms.  Tho 
princil»l  North  American  areas  are  in  Xorth  CiiniliLni,  \'irgiiiia,  iind 
Pennsylvania,  with  relatively  few  in  Maryland,  New  Jersey,  t'onru-iticut, 
and  Ma.isachu(ietts.  In  the  West  we  have  a  donbtful  plant  or  two  from 
Wvoniiiig,  a  considerable  number  from  Xew  Mexico,  and  the  extensive 
fossil  forests  of  Arizona.  To  the  southward  h'g  have  small  collections 
from  Sonora,  from  about  the  City  of  Mexico,  and  in  the  State  of  Oaxaea, 
also  in  Honduras,  Chile,  and  western  .\rgeiitiim.  In  other  parts  of  the 
■world  Triassic  plants  have  been  found  in  England,  the  east  eoast  of 
(ireenland  and  various  isliinds  in  the  Arctic  Ocean,  Spitzbergen,  north 
Germany,  southern  Sweden,  Italy,  southwestern  S]>ain,  Persia,  Indiii, 
China.  Tonkin,  Japan,  New  South  Wales,  New  /Zealand,  and  Soutli 
Africa.     Many  identical  or  closely  related  sjieeies  are  widely  distributed. 

The  dominant  plant  types  of  the  Paleozoic  have  largely  disappeared, 

XDaTM  While :  Joor.  (Jeolosy.  toI.  IS,  I90T.  p.  628. 
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The  Lepidodendre,  Sigillarie,  Calamites,  Cordaitee,  SphsnophyllK,  anit 
Cycado^ices,  bo  far  its  ascertained,  have  all  disappeared,  as  well  as  a. 
Qumber  of  important  genera  of  feme — Cheilanthea,  Manopteris,  Mega- 
lopteria,  etcetera.  The  most  notable  survival  of  the  Paleozoic  flora  is 
the  so-called  Olossopteria  flora,  which  has  been  found  with  a  few  asso- 
ciated -furms  in  Rhietic  rocks  at  Tonkin,  the  StriMuberg  series  of  Sonth 
Africa,  in  New  South  Wales,  etcetera. 

The  Triassic  flora  consists  essentially  of  fems,  equisetums,  cycadii, 
and  conifers  of  many  genera.  A  few  forms,  such  ae  Ginkgo,  Cladoph- 
lepia,  Thinnfeldia,  etcetera,  had  a  small  beginning  in  the  Paleozoic  and 
expanded  in  the  iieeozoic  into  large  groups. 

It  has  often  been  said  that  the  plants  of  the  Triassic  are  depauperate 
snd  pinched  in  aspect,  which  is  interpreted  as  indicating  unfavorable 
environmental  or  climatic  conditions,  but  the  paleobotauical  facts  do  not 
altogether  bear  out  this  contention.  The  earlier  Triassic  rocks  are 
largely  composed  of  so-called  red  beds  that  are  interpreted  by  man;. 
geologists  as  an  indication  that  they  were  laid  down  under  condition-: 
of  aridity.  As  already  pointed  out,  this  view  has  been  brought  morj 
or  less  in  question  of  late,  but  whatever  the  result  of  the  discussion  the 
fact  remains  that  they  are  largely  barren  of  fossils,  and  hence  our  knowl- 
edge of  the  flora — especially  the  upland  flora — of  early  Triassic  time 
is  limited.  In  the  Upper  Triassic  rocks,  however,  there  is  every  indica- 
tion that  climatic  conditions  were  not  unfavorable  to  vigorous  plant 
growth.  Thus  in  Xorth  Carolina,  Virginia,  and  Arizona  there  an 
trunks  of  trees  preserved,  some  of  which  are  8  feet  in  diameter  and  at 
least  ISO  feet  long,  while  hundreds  are  from  3  to  4  feet  in  diameter. 
Many  of  the  ferns  are  of  very  large  size,  indicating  luxuriant  growth, 
while  Equisteum  stems  4  to  5  inches  in  diameter  are  only  approached  by 
a  single  living  South  American  species.  The  cycads  and  conifers  arc 
not  more  depauperate  than  those  of  subsequent  horizons,  nor  do  they 
compare  unfavorably  with  the  living  representatives.  The  complete,  or 
nearly  complete,  absence  of  growth  rinp  in  the  tree-trunks  indicate  that 
there  were  no — or  but  slight — seasonal  changes  due  to  alternations  "'f 
hot  and  cold  or  wet  and  dry  periods.  The  accumulation  of  coal — ^in  the 
Virginia  area  aggregating  30  to  40  feet  in  thickness — indicates  lont;- 
citntinued  swamp  or  marsh  conditions,  while  the  presence  of  tree-ferns 
sct'ms  to  indicate,  on  the  whole,  a  moist,  warm,  probably  at  least  sub- 
tropical, climate. 

Late  Tria-s/fic  and  early  Jurassic  time,. — During  late  Triassic  time 
there  was  renewed  cnistel  movement,  as  evidenced  by  volcanic  activity 
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on  a  great  scale  in  many  parts  of  the  world,  but  notably  along  the  Pacific 
from  central  California  to  Alaska,  and  along  the  eastern  Atlantic  from 
Virginia  to  Noys  Scotia.     Schuchert  says : 

"Just  how  Important  this  moTement  was  and  what  effect  It  had  npon  the 
climate  Is  not  yet  clear,  but  there  Is  Important  organic  evidence  leading  to  the 
belief  that  the  temperature  was  considerably  reduced  during  latest  Trlaaslc 
aDd  earliest  Joraaalc  time." 

He  then  points  out  that  of  the  1,000  or  more  species  of  Triassic  am- 
monites not  one  is  known  to  have  survived  into  the  Jurassic.  The  in- 
sects of  the  Liassic,  of  which  group  over  400  species  are  known,  appear 
to  have  been  quite  uniformly  dwarfed  in  size,  which  is  interpreted  by 
Handlirsch  as  indicating  a  cooling  of  the  climate,  perhaps  to  that  of  the 
present  temperature  of  northern  Europe  between  latitudes  46°  and  55*^, 

From  these  data  Schuchert  concludes  thus :  "We  therefore  are  seem- 
ingly warranted  in  concluding  that  the  cooling  of  the  climate  in  late 
Triassic  and  early  Jurassic  time  was  not  local  in  character,  but  was 
rather  of  a  general  nature." 

According  to  Schuchert  the  evidence  offered  by  the  marine  inverte- 
brates is  in  substantial  agreement  with  that  of  the  plants.  The  lat; 
Paleozoic  forms  were  almost  wholly  replaced  by  a  new  assemblage,  and 
certain  forme,  especially  in  Middle  and  late  Triassic  time,  attnined  aii 
extremely  wide  distribution.     Schuchert  says: 

"We  may  therefore  conclude  that  the  rigid  climate  of  the  Permlc  bad  ran- 
Isbed  even  before  the  earliest  of  Triassic  times,  and  that  the  climate  of  the 
latter  period  until  near  Its  close  was  again  mild  and  uniform,  though  semi- 
arid  or  even  arid  the  world  over." 

James  Perrin  Smith,  after  discussing  the  very  wide  range  of  certain 
limestones  with  thick  coral  reefs,  interprets  the  evidence  as  indicating 
a  "nearly  uniform  distribution  of  warm  water  over  a  great  part  of  the 
globe"  during  Triassic  time. 

Jurassic  floras. — In  the  lower  portion  of  tlie  Jurassic  we  find  indica- 
tions of  a  continuation  of  conditions  which  obtained  in  the  upper  por- 
tion of  the  Triassic.  The  distinctive  Paleozoic  elements  had  finally 
disappeared,  and  the  MesoKoic  life  forms  were  in  full  swing,  expanding 
in  the  middle  and  upper  parts  of  the  Jurassic  into  the  abundant  and 
wide-spread  flora  as  we  now  know  it.  In  fact,  the  Jurassic  flora  enjoyed 
in  many  respects  the  most  marvelous  distribution  of  any  known  flora, 
either  living  or  fossil.  It  is  known  to  range  from  Franz  Josef  Land, 
82°  N.,  to  Hope  Bay,  Graham  Land,  63°  S.,  and  from  extreme  western 
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Alaska  eutirely  around  the  earth  to  eaetern  AuBtralia,  or  through  more 
th&Q  156°  of  latitude  and  more  than  330°  ol  longitude.  Tliroughout 
this  vast,  practically  world-wide  area,  there  ie  a  remarlcable  upiforRutv 
of  distribution  that  is  not  only  in  individual  epecies  widely  spread,  but 
ciHisiderable  assemblages  of  species.  Thus  of  the  H  sjieoios  known  froid 
Cape  Lisburae,  Akska,  B  are  found  ia  Amurlaud,  eaatem  Siberia,  7  at 
Irkutsk,  6  near  Kamonka,  (iovernnient  of  Kharkow,  and  4  each  in  Uon- 
golia  and  Caucasia  and  Turkestan,  while  with  the  Island  of  Boruholm, 
Sweden,  there  are  4  species  in  common,  and  4  species  occur  in  the 
English  beds,  and  8  in  Douglas  County,  Oregon.  Of  the  101  forms 
found  iu  the  Jurassic  of  Oregon  and  California,  47  have  an  ont^idi^ 
range,  there  being  1!)  s|>ecies  common  to  eastern  Siberia,  16  species  at 
Yorkshire,  England,  5  species  at  Hope  Bay,  Uraham  Land,  and  sinatkr 
numbers  at  widely  seattere<i  localities.  Of  tJie  23  spet^ies  from  Hope 
Bay  that  are  known  elsewhere,  4  species  occur  in  India,  9  at  Yorkshire, 
England,  and,  a;*  already  stated,  5  on  our  own  Pacific  coast. 

This  distribution  shows  conclusively  that  there  was  not  oidy  frw* 
communication  between  tlie  Eastern  and  Western  Hemispheres,  but  also 
between  the  Xorthern  and  Southern  Hemispheres,  and  as  none  of  th  ■ 
Jurassic  plants  is  known  to  ^Mssess  any  peculiar  mechanism  for  di>=- 
jKTsal,  it  is  apparently  clear  that  there  must  have  been  a  continuuu- 
or  practically  continuous  land  connection  throughout  this  vast  area. 
It  is  also  evident  that  this  wide  distribution  could  only  have  been  possih!-- 
under  very  uniform  climatic  condition,-.  It  remains  to  consider  what 
those  climatic  conditions  probably  were. 

The  Jurassic  flora  that  has  been  recovered  to  us  numbers  approxi- 
mately 500  species,  distributed  among  the  following  groups;  Algak«, 
Marchantiales  ?,  Filicales.  liycopodiale.*,  EquisHtalcs,  Cycadales,  Ben- 
ncttitales,  Cinkgoales,  and  Coniferales. 

The  alga'  and  liverworts  are  so  few  in  immlier  and  in  general  si>  obst-uri* 
and  poorly  preserved  that  little  of  value  can  be  concluded  regarding  tlu' 
environmental  conditions  under  which  they  lived.  The  ferns  are  numor- 
■)us  in  genera  and  species  and  usually  abundant  as  individuals.  A  num- 
ber of  the  fern  genera  have  not  yet  Iwen  placed  systematically,  for  tli" 
reasim  that  their  essential  organs  have  not  been  found,  but,  on  the  other 
hand,  there  are  a  considerable  pnnMirtion  iu  which  these  features  ar» 
ivuowti,  and  hence  these  can  be  interrogate*!  with  a  great  degree  of  wr- 
tainty  as  to  the  presumed  climatic  re<]uirements.  Thus  we  have  Osmun- 
ilitcs,  Toditi's,  and  Clado[)hlebis,  that  belong  to  the  Osmundaccse,  the 
living  members  of  which  are  largely  tropical.     Ktuekia  and  KufToriliA 
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are  referred  to  the  SchizEeacesf,  now  almoBt  wholly  tropical.  Gleicli- 
enites  of  the  Gleicheniacese  la  mainly  tropical.  Laccopteris  and  Matoiii- 
dium  of  the  MatoniacesB  have  the  Hving  repTesentatlTes  wholly  tropical. 
Cuniopteris  and  Dicksonia  of  the  Cyatbeacese  are  mainly  tropical  and 
subtropical,  Dictyophyllum  and  Hausmannla  of  the  family  Dipteracem 
have  the  living  forma  wholly  tropical. 

Besides  these  there  are  other  genera  not  so  deBnitely  placed,  such  as 
Polypodiom,  Scleropteris,  Adiantitee,  Tseniopteris,  Sagenopterie,  Daneeop- 
sis,  etcetera.  These  have  been  characterized  on  the  basis  of  resemblance 
to  the  living  forms  (Polypodium,  Adiantum,  Tsenia,  Daniea,  etcetera), 
and  on  this  basis  there  is  no  reason  to  suppose  they  lived  nnder  condi- 
tions greatly  unlike  the  habitat  of  the  living  analogues. 

The  Jurassic  cycads  are  abundant  in  types  as  well  as  individuals, 
whence,  of  course,  the  designation  of  the  Jurassic  as  the  age  of  cycads. 
Approximately  25  genera  of  cycads  are  known  from  the  Jurassic,  includ- 
ing trunks  so  preserved  as  to  exhibit  all  details  of  internal  structure 
and  reproduction,  separate  flowers  (Williamsonia),  and  leaves,  cones, 
and  seeds  of  many  types.  The  living  cycads  number  10  genera  and 
about  80  species,  and  are  essentially  tropical  in  their  present  distribu- 
tion, though  a  few  forms  are  able  to  endure  moderate  cold  or  even  frost. 
The  Ginkgoales  is  represented  by  a  single  genus  (Ginkgo)  and  a  single 
living  species  now  confined  to  Japan,  though  there  is  some  doubt  as 
to  its  occurring  in  a  wild  state.  It  has,  however,  been  grown  for  orna- 
ment in  many  mainly  warm  temperate  parts  of  the  world,  although  it 
can  withstand  several  degrees  of  frost.  Ginkgo  is  very  abundant  in  the 
northern  Jurassic  and  shows  great  diversity  of  leaf-forms,  many  of  which 
have  been  given  specific  standing,  though  it  is  perhaps  doubtful  whether 
they  should  not  be  considered  as  representing  a  single  polymorphous 
speciea. 

The  Conifers,  although  numbering  twenty  or  more  nominal  genera, 
were  not  an  especially  dominant  element  in  this  flora,  and  a  number  of 
them  are  so  fragmentary  and  badly  preserved  that  their  aflBnities  can  not 
be  made  out  with  satisfaction.  All  things  considered,  however,  they 
appear  to  belong  mainly  to  types  that  now  find  a  congenial  habitat  in 
warm,  not  to  say  subtropical,  lands. 

Based  on  the  above  facts  the  following  conclusion  is  reached  regarding 
the  probable  climatic  conditions  during  Jurassic  time:  The  presence 
of  luxuriant  ferns,  many  of  them  tree-ferns,  eqcisetums  of  large  size, 
cycads,  and  conifers,  the  descendants  of  which  are  now  found  in  southern 
lands,  all  point  to  a  moist,  warm,  probably  subtropical  climate. 
X XXVI— Boll.  Geol.  Soc.  Au„  Vol.  30,  1818 
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In  1883  Neumayr,"  baeiug  his  deductions  on  a  prolonged  and  iuteii- 
Bive  study  of  the  ammonites,  announced  the  conclusion  that  (luTis;r 
Jurassic  and  Cratsceoue  time  then  were  distinct  climatic  zcmea  not 
unlike  those  now  obtaining,  that  is,  that  there  were  clearly  marked  equa- 
torial, temperate,  and  cool  polar  climates.  Although  this  view  obtained 
quite  wide  acceptance  for  a  time,  it  is  now  very  generally  discredited, 
and  it  is  held  that  his  supposed  temperature  belts  are  only  faunal  reilmf. 
For  instance.  Dr.  T.  W.  Stanton  permits  me  to  say  that  in  his  extensive 
studies  on  the  distribution  of  Jurassic  faunas  from  Texas  to  Alaska 
he  has  failed  to  find  any  indicatioa  of  climatic  zones,  and  Burckhardt " 
has  had  a  similar  experience  in  his  stndiee  of  the  Jurassic  faunas  ii( 
northern  South  America  and  Mexico,  where  he  found  a  striking  mixture 
of  types  that  should  appertain  to  two  or  more  distinct  climatic  zone^ 
as  interpreted  by  Neumayr. 

Recently  Oothan  has  described  some  supposed  Jurassic  woods  from 
King  Earl's  Land  (79"  N.)  which  show  very  distinct  growth  ring!, 
thus  ofFering  support,  it  is  contended,  of  the  existence  of  climatic  zoms 
such  as  advocated  by  Neumayr.  It  now  appears,  as  painted  out  be 
Burckhardt,  that  there  is  mnch  doubt  as  to  these  woods  having  been 
correctly  referred  to  the  Jurassic.  Prwn  the  account  of  the  geology  of 
King  Karl's  Land  as  worked  out  by  N^athorst,  it  is  apparently  established 
that  the  woods  come  from  beds  that  are  certainly  younger  than  Neoco- 
mian  and  may  indeed  be  Tertiary  in  age. 

In  discussing  the  faunal  evidence  as  to  Jurassic  climate  Sohuchert'' 
still  adheres  to  the  cont«ntion  that  there  were  three  "clearly  mariied 
temperate  zones,"  and  then  npeaks  as  fntlows : 

"That  the  oceanic  waters  of  Middle  and  (somewbat  less  so)  Upper  Jnraiislc 
times  were  warm  throughout  the  greater  part  of  the  world  ts  sem  not  odIj'  In 
the  very  great  abundance  of  martne  life — probably  not  less  than  15.000  sprrtes 
are  known  In  the  JncassLc^-but  also  In  the  far  northern  dlstributliui  of  many 
ammonites,  reef  corals,  and  marine  sauriana.  The  Jurassic  often  abomids  in 
reefs  made  by  sooagee,  corals,  and  bryoaoans.  Jurassic  corals  occur  3.000 
miles  north  of  tbelr  present  habitat.  .  .  .  The  insects  of  this  time  vere 
again  large  and  abundant,  indicating  a  warm  cllmate-'eviden<«  In  hannony 
with  the  plants." 

Cretaceous  floras. — Lower  Cretaceous. — So  far  as  regards  the  on- 
marching  procession  of  plant  life  it  is  impossible  to  draw  any  very  shaip 

"  U.   Neumayr :  Deber  KlmatlKba  ZoDen   vSbrcnd   dar  Jan   u&d   Kr*ldnlL     Deak. 
math,  naturw.,  Claaa«  d  K.  K.  Akad.  Wlasenach.,  Wlan,  rot.  4T,  IBSa. 
"  Carl  Burckbardt :  Snr  le  cllmat  de  r«[>i>qne  Juraulque.    Heilco.  1007. 
"  Charles  Schuchert :  Smlthgonlan  Inat..  Ano.  Rept..  1614.  p.  300. 
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liiii'  bt-lween  the  Juraesic  and  tlie  overlying  Cretaceous;  in  fact,  geologists 
»n  not  altt^ther  agreed  aa  to  just  where  the  separation  is  to  be  made. 
By  cunimon  consent,  however,  it  is  now  pretty  generally  accepted  that 
Che  Hne  of  the  Lower  Cretaceous  shall  be  drawn  at  the  base  of  the 
VVealden,  that  is,  the  Neocomian  of  the  European  time  scale.  Plant- 
beariug  beds  in  this  approximate  position  are  abundant  and  very  wide- 
sprfad,  occurring  in  England  (44  genera,  75  species),  Belgium  (2(* 
genera,  30  species),  France  (7  genera,  12  species),  Switzerland  (9  genera, 
li  species),  Portugal  (45  genera,  89  species),  Germany  (33  geneta,  50 
siieiios).  Saxony  (30  genera,  30  species),  South  Africa  (16  genera,  SI 
tp«ies).  New  Zealand  (2  genera,  2  species),  Japan  (19  genera,  28 
E|>ecLes),  China  (4  genera,  6  species),  Spitzbergeu  (18  genera,  33 
spM^ie^),  and  Peru  (6  genera,  8  species).  Coming  to  N^orth  America  wr 
have  the  Patuxent  formation  (70  genera,  140  species)  of  the  Potomac 
<rroup,  the  Kootenai  formation  (41  genera,  8S  species)  of  the  northern 
Hocky  Mountain  region,  the  upper  Knoxville  (33  genera,  35  species) 
tx-ds  of  California,  and  beds  of  approximate  age  on  Queen  Charlotte 
I'laiiilii  (10  genera,  14  species). 

Berrv  '*  has  written  as  follows  concerning  these  early  Cretaceous 
floras: 

"It  Is  apparent  tbat  the  dominant  types  of  the  late  Jurassic  floras  continued 
vKhout  marked  change  tbroughout  tbe  older  Cretaceous.  Tbese  are  the  ferns, 
cyra<loph;te8,  ood  grmnasperms.  We  know  little  about  the  Thallophyta,  the 
Brjophyla,  or  the  I^copoaiales,  The  B<iulset»leH  had  evidently  dwindled  to 
pniportlons  strictly  c()ni|)arBble  to  their  present-day  deployment.  The  more 
charscteTlNtlc  feni  families  of  the  older  Mesoaolc,  such  as  the  Marattlaceie, 
are  greatly  reduced  In  Importaoce,  and  the  families  Schlasaceie.  Qlelchenlaceffi, 
Ufltoniscen',  Osmnndacefe,  and  Dlpt«riaceie,  which  are  of  great  Importance  In 
tbe  early  part  of  the  l^ower  Cretaceous,  were  destined  to  be  overshadowed  by 
the  I'olypodiaceEe  liefore  the  close  of  the  Cretaceous.  Pterldospermie  are  nn- 
knowD,  and  It  la  within  reason  to  suppose  that  this  class  was  no  longer  repre- 
Hented  In  the  flora  of  the  world. 

"Tbe  Cycfldm>I)ytes  of  the  early  Cretaceous  are  esaenUally  tbe  familiar 
tn)es  of  the  late  Jurassic.  They  are  abundant  In  genera,  species,  and  Indl- 
rldoals,  and  are  quite  as  dominant  an  element  In  the  earlier  Cretaceous  as  Id 
tbe  Rhietlc  and  Jurassic  floras.  Before  the  close  of  tbe  Cretaceous,  however, 
they  became  extinct.  The  other  gymnospermic  types — tbe  Glnkgoacete,  Taxa- 
ceie,  and  Plnacete — are  all  represented  In  the  early  Cretaceous  floras." 

It  has  been  thought  by  some  that  the  Angiosperma*,  the  now  dominant 
mnlem  type  of  vegetation,  was  introduced  in  the  lowest  Cretaceous 
(Patuxent)  of  eastern  North  America.     Fontaine  described  three  formi 

"E.  W.  Buty :  Maryland  Oeol.  Survey.  Lower  Cretaceoua,  1011,  p.  14T. 
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(Sog^rsia,  Ficophyllum,  Protefflphyllum)  which  he  regarded  as  belong- 
ing to  this  class,  but  Berry  has  expressed  doubt  as  to  the  correctness  or 
this  contention,  and  although  they  certainly  simulate  angiospermous 
plants,  it  is  perhaps  best  under  the  circumBtances  to  await  further  data 
before  definitely  accepting  or  rejecting  th^n. 

As  to  the  probable  climatic  conditionB  under  which  the  earliest 
Cretaceous  plants  existed,  Berry  says  that  the  "floras  are  so  different 
in  every  way  from  those  of  the  present  that  it  is  unsafe  to  lean  too 
strongly  on  the  facts  which  may  be  deduced  from  the  present  climatic 
distribution  of  the  sometimes  remotely  related  representatives  of  these 
ancient  types  in  the  existing  flora," 

It  is  undoubtedly  true  that  we  must  approach  this  matter  with  a 
measure  of  caution,  yet  a  number  of  undeniable  facts  seem  established. 
The  presence  of  these  floras  in  Peru,  15°  south  of  the  Equator,  and  in 
Greenland  and  Spitzbergen,  78°  north,  as  well  as  their  wide  range  over 
both  hemispheres,  points  to  relatively  uniform  and  equable  conditions, 
whatever  the  temperature  may  have  been.  The  petrified  woods  show 
relatively  slight  seasonal  changes,  that  is,  the  active  growth-ring  is  very 
wide  and  composed  of  large  cellular  elements,  while  the  area  of  restricteil 
growth  is  very  narrow  and  irregular,  and  "is  as  readily  explained  by  a 
dry  season  as  by  a  cold  winter."  Another  important  fact  is  that  then; 
are  no  certainly  known  deciduous  forms.  The  size  and  vigorous  growth 
of  most  of  the  vegetation  indicates  an  abundant  supply  of  moisture,  well 
distributed  throughout  most  of  the  annual  cycle.  Further,  if  we  com- 
pare the  several  types  of  plants  with  their  obviously  nearest  living  rela- 
tives, it  seems  a  fairly  reasonable  assumption  that  their  temperatnro 
requirements  could  not  have  been  greatly  different.  Therefore,  I  feel 
justified  in  holding  that  the  climate  of  early  Cretaceous  time  was  equable, 
moist,  and  fairly  warm,  that  is,  at  least  very  warm  temperate. 

The  Barremian  of  the  European  scale  is  believed  to  be  represented  in 
eastern  North  America  by  the  Arundel  formation,  which  contains  a  small 
flora  mainly  of  ferns,  cycads,  and  conifers,  but  with  several  of  the  doubt- 
ful angiospermous  types  mentioned  as  occurring  in  the  Patuxent  forma- 
tion. Of  similar  age  is  the  so-called  Kome  flora  of  Greenland,  which 
includes  88  species,  over  40  of  which  are  ferns,  while  there  are  IS  coni- 
fers, 11  cycads,  and  3  each  in  Ginkgo  and  Equisteum.  There  are  aUo 
two  undoubted  dicotyledons,  though  there  is  grave  doubt  as  to  their 
having  come  from  these  beds.  In  the  Eastern  Hemisphere  there  ha^; 
been  noted  a  large  flora  (23  genera,  45  species)  from  Portugal,  and 
small  floras  from  England  (7  genera,  17  species),  France  (8  genera,  9 
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species),  Austria-Hungary  (S2  genera,  29  epeciea),  and  Eurasia  (18 
genera,  23  species).  These  florae  are  made  up  mainly  of  ferns,  cycad^, 
and  conifen,  no  dicotyledons  being  known  to  be  present. 

The  Aptian  is  believed  to  be  represented  in  Nortti  America  by  the 
Glen  fioee  limestone  of  Texas,  with  16  genera  and  Z5  nominal  specleii, 
of  which  8  are  cycads,  11  conifers,  and  1  fern,  and  by  the  Lakota  sand- 
Btone  of  the  Black  Hills  region,  which  includes  21  genera  and  59  species. 
there  being  13  ferns,  33  cycads,  and  8  conifers;  neither  includes  dicoty- 
ledons. 

Id  Europe  the  Aptian  is  known  from  France  (2  genera,  2  species), 
Germany  (9  genera,  12  species),  Italy  {13  species,  1  genus  of  cycads), 
and  Portugal  (21  genera,  25  species),  the  cycads  predominating  and 
fingiospernis  absent. 

The  uppermost  portion  of  the  Lower  Cretaceous,  the  Albian  of  Europe, 
witnessed — at  least  in  eitenso — the  formal  establishment  of  the  since 
dominant  angiospermous  types  of  vegetation  and  the  beginning  of  ths 
decline  of  ferns,  cycads,  and  conifere.  The  Patapsco  formation  of 
Maryland  and  Virginia  has  afforded  a  flora  of  not  less  than  60  species, 
of  which  number  23  are  undoubted  angiosperms.  These  are  so  diversi- 
fied in  type  and  so  highly  organized  as  to  auggeat  strongly  a  long  pre- 
vious period  of  development,  but  we  do  not  yet  know  when  or  just  where 
the  evolution  took  place.  They  began  immediately  the  conquest  of  the 
earth,  and  the  Fuson  formation  of  the  Black  Hills  region,  though  atili 
having  a  preponderance  of  ferns,  cycads,  and  conifers,  included  some 
half  dozen  angiosperms. 

In  beds  of  Albian  age  in  Portugal  there  is  a  considerable  flora  (36 
frenera,  66  species)  which  embraces  20  ferns,  6  cycads,  18  gymnosperms, 
and  32  angiosperms,  a  number  of  which  are  identical  with  species  in  the 
Paiapsco  formation.  The  Upper  Albion  of  Portugal  contains  a  flora 
of  15  genera  and  26  species,  but  has  no  ferns  or  cycads  and  but  a  single 
conifer,  the  remainder  being  all  angiosperms.  Small  floras  of  Albian 
age  are  known  from  England  (3  genera,  8  species)  and  France  (17 
^pnera,  35  species),  but  they  are  without  known  angiosperms. 

A<i  regards  the  climatic  conditions  that  may  fairly  be  presumed  to 
linve  obtained  during  the  upper  part  of  the  Lower  Cretaceous,  I  can 
pee  no  reason  for  supposing  that  it  was  greatly  difEerent  from  that  already' 
indicated  for  the  lowest  Cretaceous,  namely,  equability,  abundant  moist- 
i;rc  well  distributed  throughout  the  year,  and  a  temperature  that  was 
at  least  warm  temperate- 
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Upper  Cretaceous. — By  the  begioning  of  Upper  Cretaceous  time,  as- 
suming that  the  Albian  is  correctly  placed  in  the  Lower  Cretaceon», 
though  this  view  is  not  always  accepted,  the  angioBperms  had  assiUHB! 
dominance,  and  the  femsj  cycads,  and  conifers  had  fallen  to  the  subor- 
dinate position  they  have  since  held.  In  the  earliest  members  of  the 
Upper  CretAceouB  the  angioBpenns  had  already  been  differentiated  inli 
the  two  groups  of  monocotyledons  and  dicotyledons.  These  new  tvpc? 
spread  so  rapidly  and  so  widely  that  it  will  be  impossible  fully  to  ctmsidtr 
the  great  number  of  plant-bearing  beds  in  the  many  parts  of  the  wurld. 

In  certain  particulars  the  most  important  of  these  Upper  Cretaceous 
floras  are  those  of  the  Greenland,  which  occur  mainly  on  the  Xugsu:\k 
Peninsula  from  latitude  69°  16'  to  72°  15'  N.  This,  it  will  be  uouJ,  h 
well  within  the  Arctic  Circle.  The  oldest  flora — that  of  the  Atari" 
beds — comprises  88  genera  and  181  species,  70  per  cent  nf  wliioh  aiv 
dicotyledons.  Overlying  this  is  a  thick  series  of  beds — the  Patoot  beds— 
the  upper  portion  of  which  may  show  transition  into  the  Tertiary,  Vm 
Patoot  flora  includes  73  genera  and  about  123  species,  80  of  whicli  rv 
dicotyledons. 

Plant-bearing  beds,  similar  if  not  indeed  identical  in  age  with  iht 
Atane  beds,  are  found  in  the  Paritan  formation,  which  extends  along  tlic- 
Atlantic  Coastal  Plain  from  Massachusetts  to  Maryland.  The  Baritan 
flora  embraces  103  genera  and  220  species,  150  of  which  are  dicoty ledums. 
Forty-seven  of  the  Baritan  species  occur  in  the  Atane  beds. 

Immediately  overlying  the  Raritan  and  with  much  the  same  areal^dis- 
position  is  the  Magothy  formation,  with  123  genera  and  275  species,  20'> 
of  which  are  dicotyledons.  Of  approximately  similar  age  is  the  Dakota 
flora,  which  includes  135  genera  and  over  500  species.  In  this  con- 
nection it  is  of  great  interest  to  note  that  a  small  but  unmistakably 
Dakota  flora  has  been  found  by  Kurtz  in  north-central  Argentina,  allow- 
ing that  this  flora  spread  south  a  distance  of  5,000  miles,  crossing  tlie 
Equator  and  a  land  bridge  that  must  have  connected  Korth  and  Soiill. 
America  at  this  time. 

In  the  Atlantic  Coastal  Plain  and  Gulf  regions  there  are  a  number 
of  important  floras  iu  the  approximate  position  of  the  Magothy  and 
Dakota  floras,  altogether  aggregating  several  hundred  species,  largclv 
dicotyledons.  These  floras  occur  in  the  Black  Creek,  Eutaw,  Tuscaloo-a. 
and  Woodbine  formations.  In  the  Rocky  Mountain  region  the  Upp-'i' 
Cretaceous  is  more  or  less  abundantly  plant-bearing,  one  of  the  mo^i 
interesting  being  that  from  the  Frontier  formatioii  (of  the  Colorai^'i 
group)   of  western  Wyoming.     Although  consisting  mainly  of  dlcoty- 
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ledons,  it  concludes  some  peculiar  femg  that  find  their  cloeeet  relationship 
with  species  now  living  in  the  Pacific  islands.  The  Uontana  group  has 
afforded  several  small  floras,  including  that  of  the  Uesaverde  formatio'i 
(80  ±  species),  the  Yermejo  formation  (108  species,  51  genera),  thj 
Fruitland  and  Kirtland  formatioiis  (40  species,  20  genera),  and  the  Fox 
Hills  saodstoce  (14  species,  13  genera).  The  Laramie  formation  as  at 
present  aoo^ted  has  a  flora  of  139  species  belonging  to  53  genera. 

In  the  Canadian  provinces  there  are  small  Upper  Cretaceous  florae, 
as  that  of  the  Mill  Creek  series  {Z5  species),  the  Belly  River  (about  150 
species),  and  the  northern  part  of  Vanoiuver  Island  (81  species). 

With  the  exception  of  the  DtUcota  flora  already  mentioned  floras  of 
Upper  Cretaceous  age  are  practically  onknown  in  South  America  and 
Antarctica.  Australia  has  a  somewhat  doubtful  flora  referred  to  thid 
age  (61  species),  and  N'ev  Zealand  a  still  smaller  one  (36  species). 
Asia,  during  Upper  Cretaceous  time,  was  receiving  mainly  marine  de- 
posits, and  hence  few  plants  are  known,  the  most  notable  being  from 
Japan  (33  species).     Africa  has  also  very  few  plant  beds  of  this  age. 

Turning  now  to  Europe,  only  briefest  mention  can  be  made  of  the 
Upper  Cretaceous  plant  deposits.  Thus,  only  7  species  are  recorded 
from  Scandinavia  and  none  from  England,  which  received  only  marine 
deposits.  France  fared  a  little  better,  having  small  floraa  from  the 
Cenomanian  of  Anjon,  the  Argonne,  and  the  lie  d'Aiz  (15  +  species), 
the  TuTonian  of  Bagnob  and  M^de  (48  species),  the  Eschmerian  of 
Beausset  near  Tulon  (10  species),  and  the  Atrurian  of  Foveau  (1!) 
species).  Portugal  has  Cenomanian,  Turanian,  and  Senonian  floras  ag- 
gregating about  80  species.  The  Italian  flora  is  almost  negligible  (11 
species),  while  the  German  and  Austrian-Hungarian  floras  are  very  large. 
Thus,  from  the  basal  Campanian,  in  the  vicinity  of  Aachen  (Aix-la- 
Chapelie),  about  150  species  are  known,  over  80  species  (Cenomanian) 
from  Niedershcena,  35  species  or  more  from  near  Dresden,  and  over  7^ 
species  from  Saxony.  From  the  Ferucer  beds  (Cenomanian)  of  Bohemia 
no  less  than  184  species  have  been  described,  while  from  Moravia  thera 
are  considerable  floras  known. 

Climate  of  Upper  Cretaceous  time. — Before  discussing  the  probable 
climatic  conditions  that  seem  to  be  indicated  for  Upper  Cretaceous  time, 
'  a  word  may  be  said  as  to  the  presumed  place  of  origin  of  the  dicotyle- 
donous floras  that  had  spread  so  widely  and  almost  coincident  with  the 
(lawn  of  the  Upper  Cratecous.  Although,  as  Berry  has  well  said,  the 
time  has  not  come  for  a  thoroughly  satisfactory  discussion  of  the  origin 
and  migration  of  this  great  flora,  it  bursts  upon  our  attention  with  such 
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suddeimeBs  as  to  suggest  that  it  must  have  had  a  long  anterior  period 
of  development, 'perhaps  on  some  great  land-mass  that  was  not  then 
receiving  sedimentation,  or  is  still  unexplored.     Berry  "  continues : 

"It  has  been  assamed,  and  It  is  certainly  the  most  attractive  faypothesia, 
tbat  tbe  origin  ot  the  dicotyledons  was  In  blgli  latttadea  from  which  r^on 
they  spread  Boothward  over  the  continents  of  the  Northern  Hemisphere  In  snc- 
ccBslve  waves  of  migration.  There  is  considerable  evidence  In  sumtort  of  tttis 
theory,  but  the  unexplored  Cretaceous  sediments  of  the  great  continent  of 
Asia  and  most  of  the  lands  iu  the  Southern  Hemisphere  invalidates  too  hastf 
generaUaations.  Tbe  land-mass  of  Asia  with  free  land  communlcatloD  during 
Middle  Cretaceous  time  to  the  northward,  southward,  eastward,  and  weitt- 
ward,  has  not  received  tlie  consideration  which  It  merits  as  a  ceDt«r  of  dlatri- 
bntioD,  nor  have  the  American  tropics  received  much  attention.  .  .  ,  This 
one  conclusion  seems  warranted,  that  the  origin  and  initial  radiation  of 
dicotyledonous  floras  toolc  place  somewhere  In  tbe  great  massed  land  areas  of 
the  Northern  Hemisphere." 

Although  there  are  marked  differences  between  many  of  the  more  or 
less  widely  separated  floras  that  are  believed  to  be  in  approximately 
similar  stratigraphic  position,  there  are,  nevertheless,  so  many  species 
held  in  common  as  to  lead  to  tbe  inevitable  conclusion  that  climatir 
zones  such  as  now  exist  did  not  obtain  during  Upper  Cretaceous  time. 
We  find,  for  instance,  that  the  Ataue  flora  ranged  from  Greenland  along 
the  Atlantic  Coastal  Plain  and  Gulf  region  to  Texas  with  but  little 
change,  and  the  Dakota  flora  spread  with  practically  no  change  from 
Kansas  to  Argentina.  In  fact,  as  Berry  says,  "they  cross  the  equator 
unchanged  in  both  the  Eastern  and  Western  Hemispheres." 

The  inference  to  be  drawn  from  the  above  facts  is  that  during  L'pper 
Cretaceous  time  the  temperature  conditions  were  very  uniform  and 
equable  over  the  greater  part  of  the  earth's  surface,  extending  from  at 
least  72°  N.  in  Greenland  to  at  least  60°  S.  in  Argentina,  with  the  proU- 
ability  that  it  was  practically  world-wide. 

The  moisture  conditions  may  next  be  oonsidered.  The  study  of  these 
floras  reveab  very  little  evidence  of  deciduous  habits,  which  implies  an 
uninterrupted  growing  season  and  an  abundant,  or  at  least  an  adequate, 
supply  of  moisture,  well  distributed  throughout  the  year.  An  example 
in  the  existing  floras  is  shown  by  the  warm  temperate  rain-forests  of 
many  parts  of  the  world.  The  existence  of  an  abundance  of  moisture  is 
also  further  shown  by  the  presence  of  very  considerable  deposits  of  coal. 
especially  in  the  Rocky  Mountain  region,  which  implies  wide-spread  and 
long-continued  swamp  or  marsh  conditions. 

<•  E.  W.  Berr; :  HaiyUnd  Geol.  Surrey,  Tpper  Cretaceoui.  IDlS,  p.  311. 
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We  m&y  now  attempt  an  interpretation  of  probable  temperature  con- 
ditions during  Upper  Cretaceous  time.  To  begin  with  Greenland,  it 
of  course  needs  no  argument  to  prove  tliat  the  climatic  conditions  there 
vere  very  different  from  those  obtaining  during  and  since  Pleistocene 
time.  The  following  Atane  genera  are  given  with  their  present-day 
distribution  and  climatic  requirements:  ArtocarpuB  (bread-fruit  tree) 
now  confined  to  the  Old  World  and  within  20°  of  the  Equator.  Ficus, 
a  vast  tropical  genus  with  a  few  species  ranging  into  warm  temperatti 
regions.  Cinnamomum  and  Laurus,  small  genera  in  the  cool  parts  oi 
the  tropics,  Pseudocycas,  one  species  of  which  at  least  is  closely  related 
to  the  tropical  Cycas  revoluta.  Aralla  has  about  Z7  living  species  in  the 
temperate  and  warm  parts  of  America  and  Asia.  Panax,  a  small  genus 
of  eastern  North  America  and  central  and  eastern  Asia.  Fistia,  a  mon&- 
typic  genus  very  widely  distributed  in  the  tropics  and  aubtropics  of  both 
heroisjAeres.  Cyathea  (tree-ferns)  embraces  100  species  widely  di".- 
seminated  in  the  tropical  and  subtropical  countries,  extending  in  New 
Zealand  40°  S.,  but  not  occurring  above  the  northern  tropics.  Gleichf- 
nia,  represented  in  the  Atane  flora  by  six  species  and  a  profusion  of 
individuals,  is  confined  as  now  restricted  by  pteridologista  to  the  tropics 
and  subtropics  of  the  Old  World.  Widdringtonites,  ho  named  from  iti 
resemblance  to  Widdringtonia,  a  genus  of  four  species  now  living  in 
South  Africa  and  Madagascar. 

There  are  other  genera  in  the  Atane  flora  whose  living  representatives 
have  a  more  or  less  extensive  representation  in  temperate  regions,  some 
i>f  which  also  have  representatives  in  warm  temperate  and  even  in  sub- 
tropical regions.  These  are  Acer,  Asplenium,  Cassia,  Cissitee,  Diospyros, 
Hedera,  Ilex,  Magnolia,  Myrsine,  Falaurus,  Pinus,  Pteris,  Querc\ii', 
^apindus,  Selaginella,  etcetera. 

From  the  above  presentation  of  facts  it  seems  safe  to  conclude  tfiat  the 
climate  of  Greenland  during  Atane  time  could  not  have  been  cooler 
than  warm  temperate,  and  when  we  consider  the  presence  of  bread-fruit 
trees,  figs,  cinnamon  trees,  tree-ferns,  etcetera,  it  might  well  have  been 
at  least  subtropical.  Heer  concluded  the  Atane  flora  probably  flourished 
in  a  climate  with  a  mean  annual  temperature  of  19-20°  C.  Some 
students  have  placed  the  temperature  higher  than  this,  and  others  have 
placed  it  lower. 

It  will  be  impossible,  indeed  perhaps  unnecessary,  in  the  space  avail- 
able to  make  as  complete  an  analysis  of  the  other  Upper  Cretaceous> 
floras,  but  a  few  notable  conditions  may  be  pointed  out.  There  i,> 
nothing,  so  far  as  I  can  interpret  it,  in  the  floras  of  eastern  Nortl^ 
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America  that  militateB  fatally  against  the  conclusioD  that  they  require] 
at  least  a  warm  temperate  and  possibly  a  subtropical  climate.  TnniiDg 
to  the  Rocky  Mountain  region  we  may  select  the  Frontier  fonnation  (of 
Colorado  age),  concerning  which  Knowlton  '•  has  published  as  follows, 

"The  climate  during  Frontier  time  appears  to  have  been  tropical  or  sub- 
tropical,  as  Is  abown  In  a  numtwr  of  ways.  Thns.  one  tit  the  most  abondint 
ot  the  fema  (Tapelnldlum)  was  Indeterminate  Id  growUi,  a  ocmdttlon  Hut 
could  survive  to  the  extent  here  Indicated  ODly  In  the  absents  of  frosts.  The 
most  abundant  elements  in  this  flora  are  the  ferns,  .  .  .  and  aU  call  for  t 
tropical  or  suhtropical  habitat.  .  .  ,  The  wax-berry  (Myrica).  the  oak 
(Quercus),  and  the  willow  (Sails),  might  not  be  out  of  place  In  a  troplcil 
region,  but  the  Bga  (Ficus)  and  the  cinnamon  trees  <Clnnamomnm)  certalnlj 
required  a  tri^lcal  or  subtropical  location." 

The  flora  of  the  Vermej'o  formation  (of  Montana  age)  includes  bread- 
fruit trees,  16  species  of  figs,  fan  palms  oC  gigantic  size  as  well  as  typed 
indicating  a  more  temperate  condition,  but  when  viewed  as  a  whole  thi; 
following  conclusion  was  reached : " 

"From  the  abundance  and  proportions  of  the  plant  types  It  may  be  presoBfd 
that  there  was  an  abundance  of  moisture,  from  the  absence  of  marked  growth 
rings  that  there  was  no  sharp  dlfTerentlatlon  of  seasons,  and  from  the  genenl 
fades  of  the  whole  flora  that  the  climate  was  warm  temperate  and  perhapa 
even  subtropical." 

Tertiary  floras. — Origin  of  herbaceous  types  of  vegetation. — Before 
discussing  the  various  Tertiary  floras  it  is  important  to  call  attention  lo 
a  very  profouiid  change  that  came  about  in  plant  life  at  this  time- 
namely,  the  evolution  of  herbaceous  types  of  vegetation.  During  tbu 
whole  of  the  Cretaceous  and  at  least  the  earlier  part  of  the  Tertiary  herbs 
are  practically  unknown,  whereas  in  the  present  flora  they  vastly  ont- 
numbtr  the  woody  types  in  all  the  cooler  parts  of  the  world.  It  seeir.« 
to  be  generally  accepted  that  the  herbs  have  descended  from  woody  plants 
in  direct  response  to  increasing  refrigeration  during  Tertiary  time. 
Dr.  E,  W.  Sinnott  ^'  has  recently  published  a  very  important  article  iii 
"The  evolution  of  herbs,"  from  which  I  venture  to  quote  the  following; 

"These  facta — that  woody  plants  are  more  ancient  than  bertMi  (a  shown  bj 
evidence  from  fossils,  from  natural  relntlonshlpa  and  from,  auatoiDj;  thit 
herbs  are  now  dominant  and  woody  plants  few  in  species  In  regions  subiKt 
to  low  winter  temperatures,  and  vice  versa;  that  regions  which  have  b«o 
isolated  from  the  north  temperate  land-mass  possess  few  herbs  in  the  andcni 

"  F.  a.  KnowllOD :  IT.  S.  Geol.  5urT«}>  Prof.  Paper  106.  1017.  p.  TA. 
"  F.  H.  KnowllOD  :  U.  8,  Geol.  Surve;  Prof.  Paper  101,  ISlT,  p.  23S. 
»E.  W.  Sinnott:  SdeDce.  Dew  aer..  lol.  41.  lOlS,  p.  ZBS. 
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portion  of  ttaelr  floivs,  and  that  the  northern  continenta  xuppcrted  at  do  very 
ancletit  day  a  murfi  more  varied  woody  vegetation  than  at  presrait — all  auff- 
geet  the  conclusion  that  a  large  part,  at  least,  of  our  modem  beitaceous  vege- 
tation originated  In  the  north  temperate  zone  In  respontie  to  the  progressive 
refrigeration  ol  climate  which  we  know  to  have  taken  place  there  during  the 
Tertiary. 

"The  gr^at  advantages  conferred  by  the  possession  of  an  herbaceous  habit 
of  growth  Id  h  region  subject  to  low  winter  temperatures  are  obvloos,  for 
such  plants  are  able  to  complete  their  cycles  and  to  mature  seed  In  the  warm 
summer  months  and  can  then  survive  the  cotd  of  winter  In  the  form  of  re- 
sistant seeda  or  by  hibernating  undergramid.  Only  the  hardier  types  can 
iDBlntalD  pennaiieBt  aerial  stetns  under  these  conditions.  The  more  delicate 
woody  Camtlles  have  either  been  exterminated  outright  in  temperatu  regions 
or  have  survived  only  by  assuming  an  herbaceous  habit  and  thus  flourishing 
lu  that  part  of  the  year  which  is  free  from  frost.  As  might  be  expected  tf 
low  temiterature  has  indeed  been  the  determining  factor  In  the  development 
o(  herbs,  most  of  those  families  which  are  well  able  to  survive  cold,  as  trees 
or  shmbs,  and  which  form  the  bulk  of  the  woody  v^etatlon  of  the  north  tern- 
perate  zone— the  willows,  birches,  oaks,  beeches,  walnuts,  hickories,  wax 
myrtles,  elms,  hollies,  lieaths,  buckthorns,  lindens,  planes,  sumacs,  comela,  and 
Tlbaruoms — are  families  which  are  almost  entirely  wlthoat  herbaceous  mem- 
bers.   Being  hardy,  they  have  not  been  forced  to  adopt  the  herbaceous  hablL 

"As  to  the  details  of  this  change  In  growth  habit  we  can  not  ol  course  be 
sore,  but  In  those  forma  which  It  did  not  kill  outright  the  Increasing  cold 
probably  effected  a  gradual  reduction  In  size  and  an  attendant  shortening  of 
the  time  necessary  to  reach  maturity,  until  very  dwarf  forms  were  produced 
wlilch  were  able  to  develop  from  seed  to  seed  In  a  year  or  two,  and  whldi 
could  be  killed  back  to  the  ground  every  winter— in  ^ort,  perennial  herbs. 
The  herbaceous  vegetation  In  arctic  and  alpine  regions  today  la  still  composed 
almost  entirely  of  such  plants." 

InterestiDg  statistics  are  given  by  Sinnott  to  show  this  decrease  of 
herbaceous  types  from  arctic  and  alpine  regionB  to  the  heart  of  tha 
tropics.  Thus,  in  EUesmereland  the  percentage  of  herbs  is  93,  Switzer- 
land 91,  Iceland  90,  Great  Britain  89,  Hocky  MountainB  87,  northern 
tTnited  States  78,  Japan  57,  tropical  Africa  43,  Ceylon  37,  Java  27, 
Frazil  26,  Lowlands  of  the  Amazon  Valley  12  per  cent. 

The  composition  and  distribution  of  Cretaceous  and  Tertiary  florid 
undoubtedly  lend  support — shall  I  say  proof — to  this  view  regarding 
the  origin  of  herbaceous  types.  Their  absence  during  Cretaceous  and 
much  of  Tertiary  time  had  long  ago  been  noted,  and  their  absence  from 
these  floras  was  explained  on  the  ground  of  their  usually  small  sizp, 
delicate  structure,  and  generally  non-deciduoua  leaves,  but  this  explanii- 
tion  of  their  descent  from  woody  types  explains  much  that  was  befori* 
(/bscure. 

Eocene  floras  and  their  probable  climatic  requirements. — Although  a 
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very  considerable  number  of  modem  plant  types  were  undoubtedly  estalt- 
lished  by  the  end  of  Cretaceous  time,  there  are  nevertheless  notable 
differences  to  be  observed  in  the  composition  of  the  floras  of  the  Cn^- 
taceous  and  Tertiary.  Much  of  the  sharpness  of  this  distinction  has  in 
the  past  been  lost  or  obscured  by  the  vicarious  placing  of  the  line  between 
Cretaceom  and  Tertiary.  This  has  been  especially  true  in  North 
America,  where  the  placing  of  such  important  plant-bearing  units  as 
the  Katon,  Dawson,  Denver,  Lance,  etcetera,  in  the  Cretaceous  has  had 
unfortunate  effects;  but  now,  supported  by  important  diastrophic  data, 
it  seems  to  be  pretty  generally  conceded  that  they  properly  belong  in 
the  Tertiary.  As  bearing  on  the  distinctness  of  Cretaceous  and  Tertiary 
floras,  it  may  be  stated  that  approsimately  40  per  cent  of  the  genera  in 
existence  in  the  Cretaceous  had  become  extinct  at  the  close  of  that  timp. 

North  America  is  fairly  rich  in  Eocene  floras,  especially  in  the  Golf 
region.  Rocky  Mountain  region,  and  in  the  northern  Pacific  coast  regior. 
The  oldest  of  the  plant-bearing  units  in  the  Gnlf  region  is  that  of  th>> 
Midway  formation,  but  the  known  forme  are  so  few  that  they  become 
negligible  in  the  present  connection.  Above  the  Midway  is  a  thick  eerios 
of  sediments  known  as  the  Wilcox  group,  which  has  a  flora  of  13-i  genera 
and  over  330  species.  The  Wilcox  flora  has  been  fully  elaborated  by 
Berrv,'*  who  points  out  that  it  is  "overwhelmingly  that  of  a  strand  flont, 
of  which  some  of  the  elements  indicate  that  they  grew  on  the  sandy 
beaches,  others  in  muddy  tidal  flats,  others  between  or  behind  dunes 
or  beach  ridges,  and  others  in  estuary  bayous  or  marshes.  ■  None  of  the 
forms  can  certainly  be  considered  as  inland  or  upland  types." 

Berry  says  further: 

"It  may  be  noted  that  all  of  the  Wilcox  plants,  almost  without  exception, 
are  plants  whose  modern  representatives  Inhabit  the  warmer  parts  of  tbf 
earth.  There  Is  not  a  slntite  strictly  temperate  type  in  the  whole  asaemhla^. 
,  ,  .  Compared  with  recent  costal  floras,  It  Is  at  once  apparent  that  \U 
aOinlttes  are  entirely  with  those  of  tropical  and  subtropical  America.  .  .  - 
It  Is  obvious  that  the  Bora  could  not  have  existed  If  the  region  was  ever  vis- 
ited by  frost,  and  temperatures  appear  to  have  been  like  those  found  today  on 
the  Florida  Keys." 

In  other  words,  a  subtropical  rain  forest. 

Of  approximately  the  same  age  as  the  Wilcox,  or  possibly  slightly 
older,  is  the  flora  of  the  Baton  formation  of  the  Raton  Mesa  region  of 
\ew  Mexico  and  Colorado.  This  flora  contains  148  species,  over  iO  of 
which  are  identical  or  closely  related  to  those  of  the  Wilcox  flora.    One 

■■  v..  W.  Berr; :  I'roc.  Am,  rbtlos,  Soc.  vol.  53.  ini4,  p.  135 ;  C  8.  Geol.  Surrey  Prof. 
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of  the  most  conspicuous  and  dominant  elements  in  this  flora  was  the 
palms,  of  which  there  were  at  least  6  genera  and  9  species,  some  of  them 
being  esceedingly  abundant  in  individuals.  The  15  species  of  fig:< 
(Ficus),  as  well  as  3  bread-fruit  trees  {Artocarpus) ,  undoubtedly  argue 
for  a  warm  climate.  Magnolias  were  also  abundant  and  likewise  predl- 
rate  a  warm  climate,  as  do  the  laurels  {Laurus),  cinnamons  (Ctnnj- 
inomum),  and  related  forms.  The  presence  of  numerous  coal  veins,  34 
well  as  the  character  and  luxuriance  of  the  vegetation,  indicates  that 
moisture  was  abundant,  and  the  known  distribution  and  requirements  cf 
the  living  representatives  of  the  Baton  flora  make  it  more  than  probable 
that  the  climate  was  at  least  warm  temperate. 

Correlated  with  the  last  is  the  Denver  formation  of  northern  Colorado, 
with  a  flora  of  approximately  200  species.  The  physical  conditions  uhdisr 
which  it  grew  were  apparently  the  same  as  for  the  Raton  flora. 

The  flora  of  the  Lance  formation  of  Wyoming  and  the  Dakotas  hai 
not  been  thoroughly  studied,  though  so  far  as  worked  out  it  is  so  closely 
related  to  that  of  the  Fort  XTnion  that  for  present  purposes  they  may  he 
considered  together.  The  Fort  Union  occupies  a  vast  area  from  Wyo- 
ming and  the  Dakotas,  Montana,  and  the  central  Canadian  provinces  to 
the  valley  of  the  Mackenzie  Biver.  It  has  a  flora  of  some  500  species. 
Although  there  are  palms  of  large  size  in  the  lower  portions  of  the  forma- 
tion, the  bulk  of  the  flora  is  made  up  of  sequoias,  cedars,  yews,  grasses, 
sedges,  oaks,  willows,  poplars  in  great  abundance  and  variety,  hazelnuts, 
walnuts,  elms,  sycamores  in  profusion,  maples,  viburnums  in  great 
variety,  and  a  few  somewhat  doubtful  figs.  This  flora,  which  is  closely 
similar  to  that  in  north  Greenland,  undoubtedly  approached  from  the 
north.  Notwithstanding  the  presence  of  palms,  which,  however,  occur 
in  the  lower  parte  of  the  beds,  the  composition  of  this  flora  seems  to 
indicate  that  temperatures  were  considerably  lower  than  for  those  Eocene 
floras  already  reviewed — in  fact,  that  it  was  temperate,  perhaps  what 
would  be  called  cool  temperate. 

In  the  northern  Pacific  coast  region  there  are  a  number  of  Eocene 
floras,  among  them  that  of  the  Swauk,  which  occurs  just  east  of  the 
Cascade  Mountains  in  Washington.  This  large  flora  is  different  from 
any  other  yet  made  known  in  this  country,  and  consists  largely  of  types 
that  are  for  the  most  part  found  in  Central  and  South  America,  among 
them  being  fan-palms  6  feet  in  diameter  and  in  layers  sometimes  a  foot 
in  thickness.  This  shows  that  the  palms  were  not  sporadic  or  occasional. 
and  indicates,  as  do  many  of  the  other  things,  that  the  climate  was  mild, 
probably  even  subtropical.     The  overlying  Roslyn  formation  contains  a 
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flora  th&t  is  almoet  eDtirely  different  from  that  of  tJie  Swaulc  anc, 
lacking  the  presence  of  palms,  was  apparently  slightly  cooler  thui  th? 
temperature  obtaining  during  the  deposition  of  the  underlying  beds. 

At  Cherry  Creek,  Oregon,  tliere  occurs  a  small  lower  Eocene  flora  o( 
20  species  in  beds  of  the  lower  part  of  the  Clarno  formation.  It  is  & 
warm  temperate  flora.  Almost  the  only  known  middle  Eocene  flora 
found  on  this  continent  is  that  of  the  Green  Biver  formation  of  western 
Wyoming.  It  has  a  flora  of  about  80  species,  mainly  of  very  modem 
types,  among  them  such  as  Acrostichium,  Lygodium,  Mannicaria, 
Musophyllum,  Sapindug,  Zizyjdius,  etcetera,  which  indicate  a  climait 
considerably  warmer  than  the  Fort  Union,  for  instance. 

Another  small  flora  of  approximate  middle  Eocene  age  is  the  Claiborne 
flora  of  Georgia  recently  elaborated  by  Berry.'"  It  comprises  only  17 
species,  but  embraces  such  a  proportion  of  absolutely  determined  forniti 
that  there  is  believed  to  be  little  probability  of  error  in  interpreting  their 
requirements.  It  is  distinctly  a  coast  or  strand  assemblage,  and  Berry 
concludes  that  it  indicates  a  condition  approximated  by  the  subtropicaj 
or  warm  temperate  rain  forests  of  the  present  day.  Being  in  proiimiK 
to  the  warm  Eocene  ocean  currents,  it  must  have  been  uniformly  humid, 
and  the  temperature  "would  have  to  be  uniform  rather  than  hot,  .  .  . 
for  any  degree  of  winter  cold  would  have  been  fatal." 

In  Alaska  we  have  the  upper  Eocene  Kenai  formation,  which  ]m 
afforded  a  rich  flora  of  oaks,  poplars,  willowB,  hazels,  walnuts,  raaguc^ 
lias,  horse-chestnuts,  and  maples,  together  with  pines,  spruces,  cedars, 
and  sequoias.  This  flora  is  also  found  in  British  Columbia,  and  i.< 
abundantly  represented  in  Greenland,  Iceland,  and  Spitsbergen,  Ehov- 
ing  that  it  was  of  wide  extent  in  northern  latitudes.  It  is  distinctly  a 
warm  temperate  flora. 

Turning  now  to  the  Old  World,  we  find  a  number  of  important  Eocene 
floras,  though  not  all  have  yet  been  worked  up  to  the  point  where  their 
data  can  be  made  full  uue  of  in  interpreting  climatic  conditions.  Thu*. 
the  basal  Eocene,  the  so-called  Paleocene  of  Schimper,  or  the  Montian 
and  Thanetian  stages  of  subsequent  writers  contains  two  importsrt 
floras  in  northern  France  and  Belgium.  That  of  the  plastic  claje  of 
Trieu  de  Leval  (Hinaut),  Belgium,  as  described  by  Marty,  compriw* 
only  about  20  species  and  is  thought  to  And  its  closest  resemblance  in 
the  equatorial  region  of  South  America.  The  flora  from  the  travertine 
of  Seganne,  France,  elnboratwl  by  Saporta,  is  larger  (87  speciee)  and  \i 
apparently  a  temperate  or  warm  temperate  flora. 

"  E.  W.  Berry :  l'.  S.  CpoI,  Surrcj  ITo(.  raper  M.  lOH,  p.  IM. 
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The  Lower  Eocene  coDtains  a  Dumber  of  important  but  maioly  nn- 
studied  Goglisli  deposits,  and  at  a  slightly  higher  position  the  extensive 
deposits  of  Alum  Bay  and  the  London  Clay  in  England.  Our  knowledge 
of  the  flora  of  these  two  localities  is  confined  to  a  list  of  the  names,  but 
tlie  plants  have  never  been  described  or  figured.  The  Alum  Bay  flora 
comprises  116  genera,  3T3  species,  and  that  from  the  Isle  of  Sheppy 
T2  genera  and  198  species.  The  plants  as  thus  made  known  appear  to 
indicate  a  much  warmer  climate  than  the  floras  of  the  French  and 
Belgian  deposits  just  mentioned;  in  fact,  Gardner  regards  it  as  tropical. 
If  these  plants  have  been  correctly  identifled — and  a  large  proportion  of 
them  are  seeds  and  fruits  that  are  susceptible  of  close  study — it  is  diffi- 
cult to  see  how  the  climate  could  have  been  cooler  than  subtropical  at 
least. 

A  time  of  great  sea  extension  marked  the  Middle  Eocene  in  Europe, 
and  it  is  only  in  the  upper  beds,  such,  for  instance,  as  the  calcaire  grossinr 
superieur  of  the  Paris  Basin,  that  plants  are  preserved.  A  small  florule 
from  the  last-mentioned  beds  has  been  described  by  Bureau,  including 
PaiidaniiB,  Flabellaria,  Sabal,  Palmacites,  Yucca,  and  Nuphar.  These 
indicate  that  the  climate  was  still  warm,  probably  nearly  tropical. 

In  the  southern  part  of  England  the  Bogshot  sands  and  the  Bourne- 
mouth clays,  as  well  as  the  beds  of  Antrim  and  Mull,  contain  a  very 
large,  beautifully  preserved  flora,  but  it  is  mostly  undescribed,  Gardner 
has  worked  up  the  ferns  and  conifers,  among  them  being  the  geneni 
Acrostichum,  Anemia,  Gleiehenia,  Menipbyllum,  Araucaria,  Cupreaaus, 
PodocarpuB,  and  Sequoia.  Certain  genera  of  monocotyledons  are  indi- 
cateil,  such  as  Phcenix,  Calamus,  and  Xipa.  These  seem  to  indicate 
that  the  climate  must  still  have  been  warm  and  moist. 

Of  approximately  the  same  age  as  those  above  mentioned  are  the 
plant  beds  of  Monte  Bolca,  Italy.  A  warm,  probably  subtropical,  climate 
is  indicated  by  the  presence  of  numerous  and  large  palms. 

One  of  the  largest  and  best  known  of  European  and  Eocene  floras  is 
that  from  Aix,  in  Provence,  France,  described  by  Saporta,  which  com- 
prises over  500  species.  It  includes  fungi,  algse  (Chara),  hepatics, 
mosses,  ferns,  conifers  of  many  genera,  grasses,  sedges  (Cares),  palma 
(5  genera,  13  species),  Smilax,  irises,  cat-tails,  wax-berries,  alders, 
birches,  oaks,  elms,  figs,  laurels  (5  genera,  36  species),  Daphne,  Pro- 
teoides,  composites,  Olea,  ashes,  Catalpa,  Myrsine,  Bumelia,  persimmons, 
Andromeda,  Yaccimium,  Aralia,  buttercups,  water-lilies,  magnolias,  bar- 
berry, maples,  Sapindus,  bittersweets,  buckthorns,  sumacs,  Ailanthus, 
clover  (Trifoliam),  and  a  great  number  of  genera  and  species  of  legu- 
minous types. 
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Saporta  makes  elaborate  comparisoDS  of  the  Aix  flora  with  tliat  now 
living  in  variouB  parts  of  the  world,  notably  Asia  and  Africa,  and  con- 
cludes that  the  climate  was  tropical  or  subtropical. 

Other  large  floras  of  about  the  same  age  as  the  last  are  known  from 
Haring,  in  the  Tyrol,  and  several  localities  in  Dalmatia;  but  they  neei 
not  be  further  considered  here. 

Miocene  floras  and  their  climatic  requirements. — The  known  Miocenu 
floras  of  North  America  are  relatively  unimportant,  although  in  the  ag- 
gregate probably  somewhat  over  500  species  have  been  indicated.  Th^; 
deposits  occur  in  often  small  isolated  basins  that  in  some  cases  are  sepa- 
rated by  hundreds  of  miles.  Thus,  the  only  flora  of  any  importance  in 
the  entire  area  east  of  the  Hocky  Mountains  is  at  Brandon,  Vermont, 
where  there  are  small  pocket-like  deposits  of  lignite  in  the  midst  of 
ancient  crystalline  rocks.  These  have  yielded  large  numbers  of  fruits 
antl  seeds  and  a  very  few  poorly  preserved  leaves.  Upward  of  150 
nominal  species  have  been  described,  many  of  which  are  referred  to  form 
genera,  such  as  Bicarpellites,  Cucumites,  Tricarpellites,  BrandonJa, 
etcetera,  with  a  few  suggesting  affinity  to  modern  genera,  as  Xyssitcs, 
Hicoria,  Juglandites,  etcetera.  There  is  so  much  uncertainty  regarding 
the  botanical  allocation  of  these  forms  that  it  is  impossible  to  draw  very 
satisfactory  or  convincing  conclusions  as  to  the  climatic  conditions  under 
which  they  grew,  though  obviously  they  must  have  been  quite  differeni 
from  present  conditions.  However,*  as  certain  of  the  lignites  studied 
show  well  marked  growth  rings,  it  is  apparent  that  there  must  have  been 
well  defined  seasonal  changes  of  some  sort. 

At  Florissant,  Colorado,  also  in  the  midst  of  older  crystalline  rocks, 
there  are  small  lake-bed  deposits  which  have  afforded  vast  quantities  ot 
plant  and  insect  material  that  is  largely  in  an  admirable  state  of  pr<^^na- 
tion.  About  1,000  species  of  insects  and  upward  of  200  species  of  plants 
have  been  described.  According  to  Scudder,  the  insects  show  certain 
tropical  affinities,  but  also  embrace  representatives  of  forms  now  living 
in  the  vicinity.  Much  the  same  can  be  said  of  the  plants;  for,  though 
the  general  facies  of  the  flora  is  abundantly  different,  there  are  a  number 
of  generic  types  that  are  now  living  in  the  region.  Certain  important 
types  show  relationship  with  the  flora  of  the  Southern  States  and  the 
West  Indies  and  indicate  that  the  climate  was  considerably  warmer  than 
the  present  one.  Large  silicified  trunks  of  Sequoia  are  found  in  the;^ 
beds,  and,  as  they  show  well  defined  growth  rings,  it  is  an  indication 
that  there  were  marked  seasonal  changes  of  temperature.  It  is  al.^ 
evident  that  there  was  a  greater  degree  of  moisture,  and  altogether  it 
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seems  a  safe  assumption  that  the  climate  was  at  least  temperate.  It  is 
importaot  to  note  that  a  conaiderable  number  of  unmistakable  harbaceous 
types  were  present. 

There  is  a.  small  Upper  Miocene  flora  found  at  Elko,  Xevada,  that  is 
apparently  of  the  same  age  as  the  Florissant  lake  beds,  but  it  is  too  smalt 
to  be  of  much  value  in  the  present  connection.  In  approximately  the 
same  position  is  a  small  florule  of  14  species  from  Esmeralda  County, 
Nevada.  It  indicates  a  higher  degree  of  moisture  than  at  present  obtain- 
ing and  altogether  a  climate  probably  like  that  of  the  Southern  States, 
In  California  the  auriferous  gravels  have  yielded  a  flora  of  some  135 
species,  many  of  them  of  very  modern  appearance,  Bucli  as  Acer,  Arto- 
carpus.  Magnolia,  Persea,  Quercus,  Castanopsis,  Zizyphus,  etcetera.  On 
account  of  their  obvious  afiinity  with  the  living  flora,  they  were  at  first 
rfferred  to  the  Pliocene  by  Lesquereux,  but  later  they  came  to  be  re- 
garded as  Middle  Miocene.  This  flora  is  much  in  need  of  critical 
revision,  and  latest  etratigraphic  studies  seem  to  indicate  that  the 
auriferous  gravel  phase  may  possibly  have  begun  in  the  uppermost 
Eocene  and  continued  on  well  into  the  Miocene.  In  the  John  Day 
Basin  of  Oregon  there  is  the  Middle  Miocene  Mascall  flora  of  about  80 
forms.  It  includes  Sequoia,  Glyptostrobus,  Taxodium,  Populus,  Saliz, 
Juglans,  Hicoria,  Quercus,  Ulmus,  Planera,  Magnolia,  Laurue,  Platanus, 
Ithus,  Acer,  Sapindus,  etcetera,  and  altogether  indicates  at  least  a  tem- 
perate climate.  In  the  Yellowstone  \ational  Park  there  are  two  small 
Miocene  floras  that  have  much  the  same  facies  as  that  last  considered  and 
point  to  much  the  same  conclusion  regarding  its  climatic  indications. 
The  numerous  fossil  trees  so  prominent  in  the  park  all  show  strongly 
defined  growth  rings.  To  the  north,  in  the  Canadian  provinces,  Dawson 
has  eignahzed  the  Upper  Miocene  flora  of  the  Rimilkameen  Valley,  a 
flora  of  some  25  fomis,  all  indicating  temperate  conditions. 

In  the  Old  World  many  and  widely  scattered  Miocene  floras  have  been 
made  known,  the  most  extensive  and  most  completely  exploited  being 
that  of  Switzerland,  as  described  hy  Oswald  Heer."  This  flora  includes 
some  t*20  species,  of  which  number  11+  are  so-called  flowerleas  plants  and 
806  are  flowering  plants.  Of  the  latter,  201  are  species  of  trees  and  242 
are  shrubs,  or  533  species  of  woody  plants.  The  herbaceous  flowering 
plants  number  104  species.  On  the  basis  of  certain  proportions  between 
the  several  groups  of  plants,  Heer  concludes  that  the  full  Miocene  flora 
of  Switzerland  could  hardly  have  been  less  than  3,000  species,  which  is 
far  in  excess  of  the  number  now  living  there.    Associated  with  the  plants 


s  Oswald  H«r:  Flora  Terllarlft  Helvellff.  vol,  1,  1854;  vol.  2,  18B6 :  vol,  3.  1800, 
XXXVII— BfLt.  Gkol.  aoc.  Am.,  Vol..  30,  1618 
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were  numerous  species  of  insects,  and  from  their  combined  study  Heer 
was  able  to  work  ont  many  interesting  conclusions,  snch  as  the  succession 
of  seasons  and,  above  all,  of  the  climatic  requirements.  Concerning  the 
climate,  Heer*'  wrote  as  follows : 

"Id  the  Upper  Miocene  <of  COnlncen)  the  tropical  types  conatltDte  onl;  7 
per  cent  of  the  total  number  of  vascular  plants,  whilst  In  the  Lower  Miocene 
(Aqnltanlan)  the  tropical  types  are  19  per  cent  of  the  whole,  which  sbovs 
that  a  decrease  of  temperature  mast  have  taken  place,  although  the  frequeal 
occurrence  of  the  camphor-  and  cinnamon-trees,  and  the  appearance  of  feather- 
and  fan-palma,  demonstrate  that  CEalngm  still  enjoyed  a  warm  climate. 

"If  we  sum  up  all  the  data  furnished  b;  tUe  flora,  we  are  led  to  the  cdd- 
cluslon  that  the  Swiss  Lower  Miocene  district  possessed  a  climate  slinilar  to 
that  now  prevailing  In  Louisiana,  the  Canaries,  North  Africa,  and  SosUi 
China,  namely,  a  climate  with  a  mean  annual  temperature  of  20-21"  C  (68*- 
89.%'  F.),  and  that  the  Swiss  Upper  Miocene  district  had  a  climate  resembling 
that  of  Madeira,  Malaca,  and  the  south  of  SIdlj,  southern  Japan,  and  Xew 
Georgia,  with  an  annual  temperature  of  18-19°  C.  (Oi-W^'  F.)." 

FUocene  florae  and  their  climatic  requirements. — The  Pliocene  flora 
of  North  America  is  almost  a  negligible  quantity,  and  is  far  too  small  to 
be  of  value  in  the  present  connection.  It_  consists  of  s  small  flomle, 
thought  to  be  of  this  age,  from  the  Falls  of  the  Columbia  River.  It  in- 
cludes species  in  the  genera  Woodwardia,  Sassafras,  Sterculia,  etcetera, 
all  being  extinct,  though  very  closely  related  to  living  forms. 

A  florule  of  20  species,  all  living  today  in  the  Coast  Ranges  of  Cali- 
fornia, has  been  described  by  Hannibal"  from  the  Santa  Clara  formation 
of  the  Coast  Ranges  of  California.    Concerning  it  the  author  says : 

"This  flora  agrees  very  well  with  the  evidence  of  the  aquatic  Molluscs  and 
points  to  perceptibly  colder  conditions  In  central  California  during  Pliocene 
time,  but  makes  It  certain  that  ttala  cold  fades  was  due  not  to  elevadon,  but 
to  actual  migration  of  Isotberms.  Such  a  condition  could  not  have  been  i 
local  phenomenon,  but  was  probably  widespread  on  the  Pacific  coast." 

In  western  Europe,  thanks  especially  to  the  persistent  labor  of  Clement 
and  Eleanor  M.  Reid,  knowl^ge  of  the  Pliocene  flora  is  extensive  and  on 
an  established  observational  basis.  In  England  the  Lower  and  ttiddle 
Pliocene  are  marine;  hence  are  without  plant  deposits.  The  only  beds 
yielding  plants  are  known  as  the  Cromerian,  or  Cromer  Forest  beds,  of 
extreme  Upper  Pliocene  age.  Fortunately,  older  Pliocene  beds  have  b«u 
discovered  in  Dutch  Limburg  and  adjacent  Prussia,  and  made  known  by 
the  Reids**  in  a  splendid  monograph  published  in  1915.    The  oldest  of 

"Oswald  Heer:  The  Prlmaral  World  ot  BwHiertuid,  toI.  S,  1876,  p.  138. 
■Harold  HsDDlbal :  Torr.  Bat  Clab  Ball.,  vol.  SS,  1911,  pp.  3S9-342. 
« Clement  and  Bleanot  M.  Held :  The  Pliocene  Bora  ot  the  Datch-Prusilan  border. 
The  Hague,  191B. 
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theBe  floras,  known  as  the  Beuverian  stage  or  flora,  is  Middle  Pliocene  in 
age.  It  includes  a  flora,  mainly  of  seeds  and  fruits,  of  nearly  300  species, 
of  vhich  some  230  have  been  determined  irith  a  considerable  degree  of 
certainty.  This  flora  hag  very  little  relationship  with  the  present  flora 
of  Europe,  the  Caucasue,  or  the  Mediterranean,  but  clearly  finds  close 
afl^ity  with  the  "living  flora  of  the  mountaina  of  western  China,  and  to 
its  allied  geographical  provinces — Japan,  the  Himalaya,  Eastern  Tibet, 
and  the  Malay  Peninsula." 

The  Reida  conclude  tliat  the  Beuverian  aesemblage  was  a  temperate 
flora  similar  to  that  which  belongs  to  the  moist  and  temperate  forest  belt 
found  only  on  the  Chinese  mountains.  The  late  Miocene  and  early  Plio- 
cene flora  was  originally  essentially  circumpolar  in  distribution,  but  in- 
creasing cold  forced  it  southward  along  at  least  three  migration  routes. 
One  path  was  along  the  mountains  of  Atlantic  North  America,  a  second 
through  eastern  Asia,  where  both  persist  today,  and  which  accounts,  as 
,\sa  Gray  long  ago  pointed  oat,  for  the  striking  resemblance  between 
these  two  floras.  The  third  route  was  through  western  Europe,  as  at- 
tested by  the  remains  found  in  the  Heuverian  flora;  but  when  increasing 
cold  forced  this  farther  south,  it  was  crushed  out  against  the  east-west 
moontain  ranges  and  disappeared. 

A  slightly  younger  flora,  and  one  very  distinct  from  the  Beuverian 
flora,  is  the  Upper  Pliocene  Teglian  flora  of  Limburg.  It  includes  about 
133  forms,  of  a  decidedly  cool-temperate  character,  which  bears  a  close 
resemblance  to  the  European  flora  of  the  present  day.  That  is,  all  the 
plants  with  Malayan  and  Australian  affinity  had  disappeared,  and  al- 
though a  few  distinctive  Chinese  and  Japanese  species  still  remained,  by 
Upper  Pliocene  time,  as  represented  by  the  Cromerian  from  England,  the 
European  facies  had  been  fully  established,  the  peculiar  Chinese  element 
having  disappeared,  except  for  such  species  as  still  live  in  Europe. 

Part  II.  OnioiN  and  Differentiation  of  geolooic  Climates 

EARLY  CLIit.iTEfl  ?fO.V-ZO.VAL 

We  have  now  passed  somewhat  hastily  in  review  the  salient  facts  relat- 
ing to  geologic  climates  as  interpreted  by  and  through  fossil  floras.  This 
has  been  supplemented  and  confirmed  in  many  cases  by  an  appeal  to  the 
pronouncement  of  fossil  faunas.  It  is  perhaps  not  too  much  to  say  that 
it  has  now  been  demonstrated  beyond  reasonable  question  that  climatic 
zoning  such  as  we  have  had  since  the  beginning  of  the  Pleistocene  did  not 
obtain  in  the  geologic  ages  prior  to  the  Pleistocene,  I  think  this  state- 
ment of  conditions  is  very  generally  accepted  by  geologists  and  paleon- 
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tologistfl — in  fact,  I  am  at  a  loss  to  know  how  the  data  available  can  be 
otherwise  interpreted. 

Aseoming,  as  we  now  aeem  justified  ia  doing,  that  this  cardinal  fact 
has  been  established,  the  homan  mind  is  so  constituted  that  it  is  not  satis- 
fied to  stop  at  this  point,  bat  it  must  seek,  if  possible,  on  explanation  of 
the  cause  or  causes  that  gave  rise  to  this  marked  difference  between  the 
pre-Pleistocene  and  subsequent  climatic  distribution.  In  other  words. 
Why  was  there  no  climatic  zoning  in  the  age  before  the  Pleistocene? 
There  most  be  a  reason,  if  we  can  but  find  it. 

In  seeking  an  answer  to  this  question,  I  may  confess  that  I  have  been 
led  far  afield— much  farther,  in  fact,  than  I  had  originally  intended  to 
go.  As  present-day  climatic  differentiation  is  so  dependent  on  atmoa- 
pheric  conditions  and  variations,  there  is  no  logical  stop,  in  looking  back- 
ward over  the  climatic  conditions  that  have  obtained  in  the  successively 
older  and  older  geologic  ages,  short  of  a  consideration  of  the  original 
atmosphere;  and,  having  reached  this  point,  logic  ui^es  a  consideration 
of  the  earth  on  which  it  rested,  perhaps  including  the  origin  of  the  earth 
itself.  I  hasten  to  add,  however,  that  it  is  not  my  intention  to  venture  a 
full  discussion  or  analysis  of  these  profound  problems  for  two  good  and 
sufficient  reasons,  not  the  least  of  which  is  lack  of  time. 

The  zonal  distribution  of  climate  as  we  know  it  today  results  from  the 
direct,  though  variously  modified,  control  by  the  sun.  If  the  earth  was 
without  an  atmosphere  and  had  a  homogeneous  surface  throughout,  the 
distribution  of  heat  would  be  strictly  by  latitude,  producing  what  has 
been  called  solar  climate.  But  the  problem  is  by  no  means  so  simjile.  for 
solar  climate  is  modified  and  delimited  by  a  number  of  important  factors, 
such  as  the  presence  of  an  atmosphere  containing  water  vapor,  carbon 
dioxide  and  other  gases  in  varying  amounts,  together  with  dust  particles 
from  various  sources.  Solar  climate  is  also  further  modified  to  a  marked 
extent  by  certain  physical  features  of  the  earth  itself,  such  as  continents, 
plateaus,  mountains,  deserts,  oceans,  etcetera. 

It  appears  to  have  been  a  pretty  general  assumption,  especially  in  late 
years,  that  the  sun  exercised  approximately  the  same  control  over  earth 
atmosphere,  surface  temperature,  or  climate  in  past  geologic  agec  as  it  is 
known  to  do  at  present.  If  this  is  true  it  would  be  impossible  to  escape 
the  conviction  that  climates  should  have  been  disposed  in  zones  through- 
out the  whole  of  geologic  history^that  is  to  say,  this  result  would  have 
followed  inevitably  and  of  necessity  if  the  sun  had  dominated  earth  at- 
mosphere as  it  now  does;  but,  if  the  biologic  criteria  of  the  past  have 
been  correctly  interpreted,  the  sun  did  not  so  dominate.  Or,  to  be  on 
the  safe  side,  we  should  perhaps  say  that  tiie  stm's  dominancy  has.  at 
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muHt.  not  beeu  contiDuous  and  uniuterrupted,  for  on  no  otlier  baeiB  do 
certain  observed  facts  seem  explainable.  For  example,  polar  geniality  of 
climate,  euch  as  occurred  again  and  again  in  the  ages  before  the  Pleisto- 
cene, can  not  be  explained  on  the  basis  of  unmodilied  solar  control.  Gla- 
ciation  such  as  that  of  the  "Permo- Carbon  if  erous,"  which  occurred  in 
and  adjacent  to  the  tropics,  is  impossible  under  a  vertical  or  nearly  verti- 
cal sun,  or  at  least  not  without  an  elevation  of  the  land-mass  that  is  out 
of  all  proportion  to  the  observed  stratigraphic  and  structural  data. 

In  other  words,  it  seems  evident  that  there  must  have  been  some  other 
factor  or  factors  that  operated  to  obscure  or  modify  solar  control.  Can 
these  be  predicated  with  any  reasonable  degree  of  certainty? 

COXS  IDE  RATIOS'  OF  THE  ATMOSPHERE 

In  seeking  a  possible  answer  we  may  first  consider  the  atmosphere.  It 
need  hardly  be  recalled  that  the  atmosphere,  the  outer  gaseous  envelope 
surrounding  the  earth,  is  a  mechanical  mixture  of  oxygen,  nitrogen,  a 
email  increment  of  carbon  dioxide,  and  still  smaller  quantities  of  various 
other  gases,  together  with  water  vapor  in  amounts  that  vary  with  tem- 
perature, locality,  and  season.  The  height  to  which  the  atmosphere  ex- 
tends above  the  earth  is  not  known,  though  it  exceeds  100  miles,  and  one- 
half  the  air  is  below  the  20,000-foot  level.  According  to  Humphreys," 
"At  an  elevation  that  in  middle  latitude  averages  about  11  kilometers 
[36,000  feet]  the  temperature  of  the  atmosphere  becomes  substantially 
constant,  or,  in  general,  ceases  appreciably  to  decrease  with  increase  of 
elevation;  this  is,  therefore,  the  upper  limit  of  distinct  vertical  convec- 
tion and  of  cloud  formation." 

A  beam  of  sunlight  in  passing  from  the  earth  to  the  sun  has  the  rapidly 
vibrating  light  waves  transformed  in  large  part  at  the  surface  of  the 
earth  into  slower  vibrating  heat  waves.  In  passing  from  the  outer  limit 
of  the  atmosphere  to  the  surface  of  the  earth,  the  beam  of  sunlight  is 
subject  to  certain  losses  of  energj',  such  as  absorption  by  the  gases  and 
vapors  of  the  atmosphere,  especifllly  the  water  vapor  bands,  the  "scatterin-; 
tii  liglit  toward  the  ground  from  the  direct  solar  beam  by  the  molecules 
and  dust  particles,"  and  from  the  loss  by  scattering  into  space  by  these 
(lust  particles.  Now  as  to  the  effect  of  the  atmosphere  itself:  It  is  well 
known  that  the  oxygen  and  nitrogen  are  transparent  to  both  incoming 
light  rays  and  outgoing  heat  rays,  while  the  water  vapor  and  carbon 
dioxide  are  largely  opaque  to  tlie  outgoing  heat  rays.  This,  then,  is  the 
crux  of  the  whole  matter.     The  water  vapor  in  the  atmosphere,  aug- 
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mented  by  carbon  dioxide,  acts  aa  a  trap  to  impriBon  the  heat  rays,  thus 
prodacing  the  so-called  blanketing  effect  Any  increase  or  decrease  in 
the  efficiency  of  this  thermal  blanket  may  have  very  profound  and  far- 
reaching  results. 

POWER  OF  OLOUDB  tS  RBFLSOTIHO  TBB  SVS'B  RATS 

Some  very  recent  observations  (1918)  were  made  by  Dr.  L.  It. 
AJdrich,*'  of  the  Astrophysical  Observatory,  on  the  power  of  clouds  lo 
reflect  the  rays  of  the  sun.  By  means  of  a  captive  balloon  he  was  able 
to  secure  readings  from  a  pyranometer  from  the  surface  of  a  fog  ban't 
when  the  upper  and  lower  surface  of  the  fog  lay  respectively  about  2,80i) 
feet  and  1,000  feet  above  the  ground.     He  says; 

"The  measurements  were  slnsnlnrly  concocdant  and  satisfactory,  and  gave 
as  tbe  mean  reflecting  power  of  tbe  tog  during  the  lnter>-Bl  from  7  notlt  11 
o'clock  78  per  cent.  No  apparent  change  owing  to  the  change  of  the  height 
of  the  sun  during  tbat  time  was  observed.  However,  It  Is  hardl;  question- 
able that  If  the  measurements  had  been  made  nearer  snnrlse  tbe  reflective 
power  of  the  fog  would  been  fonnd  somewhat  greater.  Accordlnglr,  we  must 
suppose  that  If  there  should  be  a  planet  completely  covered  with  smooth 
clouds  It  would  reflect  upwards  of  78  per  cent  of  the  solar  rays  otherwise 
available  to  beat  Its  surface.  In  the  esse  of  the  earth,  the  cloudiness  Is  about 
60  per  cent,  so  tbat  If  the  clouds  were  as  smooth  on  this  surface  as  the  clouds 
observed,  the  result  would  be  that  they  would  reflect  away  about  39  per  cent 
of  tbe  eolar  rays  and  make  inetfecttve  to  warm  the  earth.  Taktng  this  result 
in  coonecttoD  with  the  consideration  of  the  other  parts  of  the  earth's  surface. 
It  appears  that  the  reflecting  power  of  the  eartb  as  a  whole  for  solar  rays  of 
all  wave  lengths  should  be  In  the  neighborhood  of  43  per  cent." 

The  value  of  these  observations  is  not  to  be  underestimated.  If  the 
earth  was  surrounded  by  a  complete  cloud  envelope  through  which  only 
approximately  SO  per  cent  of  the  sun's  rays  could  penetrate  and  become 
available  for  heating  the  earth's  surface,  it  can  hardly  be  questioned  that 
this  source  of  heat  is  inadequate. 

80VROB8  OP  BBAT 

In  general. — According  to  the  late  S.  P.  Langley,  the  earth,  on  the 
average,  is  still  over  53  per  cent  cloud-covered,  and  this  condition,  be  it 
recalled,  is  with  the  sun  as  the  direct  controlling  factor  in  heating  the 
earth's  surface.  It  was  long  ago  suggested  that  this  cloud  envelope,  or 
thermal  blanket,  was  much  more  extensive  in  the  ages  before  the  Pleisto- 
cene than  it  is  now;  in  fact,  it  is  held  that  the  cloud  mantle  was  prac- 
tically complete.    Let  us  examine  the  data  and  see  what  warrant  there  is 

"  Smith.  Mlic  ColIeetlDDS,  vol.  TO,  1816,  p.  28, 
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for  any  such  conclusion.  As  pointed  out  several  times  before,  it  must 
have  followed  that  if  the  sun  had  dominated  earth  atmosphere  through- 
out measurable  geologic  time  to  the  eztcnt  it  now  does,  temperatures 
would  have  been  distributed  by  latitude;  hence  the  solution  hinges  on  the 
correctness  of  the  biologic  interpretation  of  a  non-zonal  arrangement 
prior  to  the  Pleiatocene.  If  this  has  been  shown  from  trustworthy  evi- 
dence admitting  of  no  other  conclusion — as  indeed  I  believe  it  has — then, 
as  Abbot  has  stated  in  a  recent  letter  to  me,  "one  must  follow  with  the 
conclusion  that  the  earth's  heat  supply  in  those  times  did  not  come  prin- 
cipally (as  now)  from  a  source  subtending  a  small  solid  angle." 

It  now  follows  that  several  solutions  may  be  suggested.  These  have 
been  formulated  by  Abbot  as  follows : 

"1.  The  BUn  waa  shut  oB  by  clouds  and  tbe  beat  came  from  within  tbe  earth. 

"(a)   Internal  heat  persisted, 

"{!>)  Radio-active  heat  was  available. 
"Z  The  sua  was  effectively  bl^er. 

"(a)  Smi  tben  an  extensive  nebula. 

"(b)  Snn's  rays  reflected  by  extensive  nebula." 

Heat  from  a  bigger  sun. — The  second  of  these  suggested  solutions, 
namely,  that  which  postulates  an  effectively  larger  sun,  has  had  a  number 
of  advocates.  For  instance,  it  is  given  quite  favorable  consideration  by 
Dr.  Abbot  in  hia  well-known  book  on  "The  Sun,"  but  he  writes  me  that 
he  does  not  now  think  so  well  of  it  as  he  formerly  did. 

The  present  sun  is  about  866,000  miles  in  diameter.  It  is  giving  up 
energy  at  a  tremendous  rate,  which  it  is  possible  to  measure  with  great 
accuracy.  The  manner  in  which  the  sun's  heat  is  maintained  is  not  cer- 
tainly known,  but  the  hypothesis  that  finds  widest  acceptance,  that  of 
Helmholtz,  assumes  it  to  be  due  to  the  gravitational  infall  of  matter 
at'its  outer  rim,  by  the  transfer  of  motion  into  heat.  It  has  been  cal- 
culated that  an  infall  of  this  kind  of  350  feet  per  annum  would  be  suffi- 
cient to  maintain  the  present  loss  of  energy.  This,  of  course,  implies 
that  the  sun  must  have  had  a  definite  beginning,  just  as  it  shows  it  to  be 
tending  toward  an  unmistakable  end ;  in  fact,  Tfewcomb  has  calculated 
that  at  the  present  rate  of  loss  of  energy  the  sun,  in  seven  million  years, 
will  be  reduced  to  one-half  its  present  size.  Astronomers  are  not  agreed 
as  to  the  probable  age  of  the  sun,  though,  so  far  as  I  can  learn,  few  of 
them  incline  to  regard  it  as  more  than  one  hundred  million  years  old, 
and  many  have  hesitated  to  concede  more  than  fifty  million  years  to  its 
existence.  This  is  totally  at  variance  with  the  demands  recently  made  as 
to  the  age  of  the  earth,  for  it  is  impossible  to  conceive  of  the  earth  as 
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existing  without  the  sun.  Thus  Barrell,  in  hia  most  recent  estimates, 
places  the  age  of  the  earth  at  a  miuimnm  of  seven  hundred  and  fifty 
million  yearB,  with  the  possibility  that  it  may  be  as  much  as  one  billion 
five  hundred  million  years !  (.'ertainly  there  must  be  some  readjustmeobs 
or  mutual  concessions  between  astronomers  and  geologists  before  tbesi 
widely  discordant  figures  can  be  brought  into  harmony! 

It  is  not  only  possible,  but  perhaps  reasonable,  to  postulate  a  much 
larger,  more  diiTuse  sun  during  the  earlier  stages  of  its  existence,  perhaps 
a  sun  so  large  as  to  fill  the  orbit  of  the  earth.  With  such  a  large-an^Ic 
sun  the  rays  would  fall  nearly  vertical  on  perhaps  a  whole  hemisphere 
at  once.  This  would  ofTer  an  explanation  for  an  equable,  n<Hi-zonal  dis- 
tribution of  climate  and  would  make  possible  the  growth  of  trojncal  or 
subtropical  vegetation  within  the  polar  circles.  It  would  also  provide  an 
explanation  for  tropical  or  subtropical  glaciation,  given  a  sufficient  eleva- 
tion of  the  land-mass. 

But  it  appears  that  there  are  certain  astronomical  objections  that  stand 
in  the  way  of  accepting  this  in  its  entirety.  Just  what  they  are  I  can 
not  say,  but  I  am  informed  by  Dr.  Abbot  that  lie  and  Profefsor  Moulton. 
of  Chicago,  went  over  the  subject  some  years  ago  and  reached  the  con- 
clusion that  "not  more  than  double  the  life  of  the  sun  as  a  source  ot 
radiation  capable  of  holding  up  the  earth  temperature  could  come  that 
way  under  the  most  favorable  assumptions." 

Seat  from  the  earth  itself. — We  may  now  turn  to  the  other  assump- 
tion, namely,  a  heat  supply  from  the  earth  itself.  The  suggestion  that  the 
sun  was  shut  off  by  clouds  and  the  heat  came  from  within  the  earth  itself 
is,  of  course,  not  new;  in  fact,  it  follows  as  a  natural  corollary  to  one 
of  the  most  prominent  of  the  theories  advanced  to  account  for  the  origiu 
of  the  earth.  It  is  the  essential  basis  of  the  views  advocated  by  Dr. 
Marsden  Hanson  in  his  paper  on  the  "Evolution  of  climates"  and  in 
numerous  subsequent  publications,  though  it  may  be  added  that  it  doe? 
not  depend  on  the  acceptance  of  the  nebular  hypothesis  of  earth  origin. 

Setting  aside  for  the  moment  the  discussion  of  primitive  earth  tem- 
peratures, we  may  consider  the  action  that  may  reasonably  be  presumed 
to  result  under  this  hypothesis  of  a  dual  heat  supply.  Granted  an  initial 
surface  temperature,  from  whatever  source  derived,  that  was  higher  than 
that  now  existing,  it  can  not  be  doubted  that  a  larger  percentage  of  th"* 
water  now  existing  in  the  seas,  lakes,  and  rivers  must  then  have  exist«l 
in  the  form  of  vapor.  As,  it  ascended,  this  vapor  would  be  condensed 
into  clouds,  forming  a  spheroidal  cloud  envelope  surrounding  the  earth. 
It  also  seems  certain  that  under  this  hypothesis  the  sun  must  have  exertcl 
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eabBtantially  the  same  zonal  action  oo  the  outside  of  this  c]oud  spheroid 
that  it  now  does  upon  the  present  cloud  surface  and,  within  the  limits  of 
wrtain  modifying  factors,  upon  the  earth's  surface.  To  quote  from 
Hilganl,''  who  has  written  in  strong  advocacy  of  this  hypothesis: 

"The  tropical  belt  with  Its  Ntrong  ascending  cmrents.  low  barometer,  and 
hl^h  temperatureti :  two  adjoining  arid  belts  wltb  descending  cnrrentn  and 
high  barometer,  and  the  temperature  lones  to  poleward,  with  variable  but 
generally  low  barometer,  would  be  defined  on  the  cloud  spheroid  as  the;  now 
are  on  tbe  earth's  surface,  but  with  greater  regularity,  though  perhaps  lens 
sharply  defined." 

A  certain  amount  of  earth  lieat,  carried  up  by  crai'.Tction  currents,  is 
lost  hy  radiation  into  space,  but  the  solar  radiation  falling  on  the  outside 
of  the  cloud  spheroid  would  in  part  compensate  for  this  loss,  and  thus 
the  sun  would  actually  become  a  conservator  of  earth  heat  without 
directly  iniluencing  the  temperature  of  the  earth's  surface.  This  great 
amount  of  moisture  in  the  atmosphere  naturally  led  to  greater  and  more 
rapid  precipitation,  and  the  rainfall  was  undoubtedly  greater  than  at 
present. 

The  further  elaboration  of  Uanson's  hypothesis  has  been  so  graphically 
and  succinctly  stated  by  Hilgard  that  I  venture  to  quote  from  his  paper. 
He  says: 

"The  Isothermal  spheroIdH  or  shellH  corresponding  to  our  present  tempera- 
turex  would  at  first  be  at  heights  more  considerable  than  at  present;  but  as 
the  heat  carried  up  from  the  earth's  surface  was  more  and  mure  loet  by  radia- 
tion into  space  from  the  exterior  cloud-surface,  the  Isothermal  shells  would 
gradually  descend,  and  the  temperature  of  the  falling  rains  would  become 
lower,  so  as  under  favorable  conditlonH  to  fall  as  snow.  It  is  clear  that  snow- 
fall might  occur  at  any  period  of  the  earth's  evolution  on  high  mountain 
raDiges  or  plateaus,  and  there  the  accumulations  of  snow  might  at  any  period 
have  formed  nevees  and  glaciers  with  their  well-known  effects.  .  .  .  Owing 
to  tbe  higher  radiating  power  of  the  earth-surface  as  compared  wltb  the  ocean. 
AH  well  as  its  much  lower  specific  heat,  the  earth  must  have  cooled  more  rap- 
Idly  than  the  oceans  by  radiation  alone.  In  addition  tn  this,  the  water  flowing 
from  it  into  the  seas  would  carry  olf  a  large  amount  of  beat.  Even  while  the 
ocean  still  received  heat  from  its  bed,  the  land  areas  would  be  a  cooling  agency 
especially  for  the  ocean  depths,  while  the  warm  oceanic  surface  waters  would 
be  Buppblng  abundant  vapor  for  preclpltallon  on  the  relatively  cooler  land 
areas.  The  latter  would  finally  fall  to  so  low  a  temperature  as  to  receive 
their  precipitation  in  the  form  of  snow,  thus  inaugurating  the  glacial  period, 
during  which  the  Isothermal  shell  of.  say,  the  freezing  [Mint  of  water,  and 
below,  descended  near  to  the  earth's  surface.  As  the  ocean  also  gradually 
cooled  and  evaporation  diminished,  the  protecting  cloud-euveiope  became 
thinner,  first  In  the  tropics  and  lfc<  flanking  belts  of  lesser  rainfall   (which 
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These  are  the  eBBential  features  of  MoDson's  theory  and,  vhaterer  its 
fate  may  be,  I  thoroughly  agree  with  Hilgard  that  it  must  be  given  very 
serious  consideration.  Of  course,  objection  has  been  raised  against  the 
acceptance  of  this  hypothesis  of  a  higher  initial  and  subsequent  diminu- 
tion of  surface  temperatores.  We  are  told,  for  instance,  that,  owing  to 
the  law  of  conductivity  of  the  rocks,  the  transmission  of  earth  heat  to  th.' 
surface  must  have  ceased  as  a  practical  factor  very  soon  after  the  forma- 
tion of  an  earth  crust.  We  know,  or  think  we  know,  that  there  is  amplfr 
heat  in  the  earth's  interior,  for  if  the  ratio  holds  good  of  an  increase  of 
one  degree  for  about  60  feet  of  depth,  we  shall  have  the  stapendous 
temperature  of  348,000°  F.  at  the  center.  But  conduction  is  not  the 
only  means  by  which  earth  heat  may  be  brought  to  the  surface.  Fault?, 
fractures,  denudation,  thermal  waters,  orogenesis,  and,  of  course,  volcan- 
ism  are  continually  liberating  appreciable  amounts  of  heat.  On  the 
basis  of  vulcanism — if  this  is  a  really  competent  criterion— the  earth 
appears  to  have  been  cooling  since  earlier  geologic  time;  for,  though  by 
no  means  extinguished,  vulcanic  activi^  is  much  less  evident  now  than 
it  has  obviously  been  in  the  past. 

Radioactive  heat. — ^But,  fortunately  or  otherwise,  we  are  not  depend- 
ent for  a  possible  solution  of  this  problem  on  an  original  earth  heal, 
whether  developed  from  a  cooling  nebula  or  by  impact  and  preaeure  of 
separate  solid  increments.  The  recent  wonderful  discovery  of  radio- 
activity introduces  a  wholly  new  and  unsuspected  set  of  factors;  but 
the  facts  are  so  newly  available  that  the  jioesibilities  and  limitations  are 
not  yet  fully  worked  out.  It  is  now  known  that  uranium  and  thorium, 
elements  having  the  highest  atomic  weights  known,  are  the  parents  of  a 
series  of  radioactive  elements.  Each  of  these  elements  breaks  down 
into  a  descendant  series  by  giving  off  positively  charged  atoms  of  helium 
at  an  enormous  velocity,  by  negatively  charged  electrons,  also  with  high 
velocity,  and  by  certain  rays  of  the  nature  of  Rontgen  or  X-rays.  After 
a  very  long  but  measurable  length  of  time  a  stable  element  is  the  result, 
as,  for  instance,  lead,  which  results  from  the  breaking  down  of  uranium. 
This  process  is  necessarily  accompanied  by  the  evolution  of  heat;  in  fact, 
as  Barren  "  has  said : 

"It  bas  been  found  tbat  radloactivltf  gives  such  an  embarrassliiKly  lar^ 
quantity  of  beat  tbat  It  bas  been  necessary  to  assume  tbe  restrictloD  of 
uranium  and  tborium  wltb  tbeir  observed  percentages  to  tbe  outer  40  miles 
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of  the  eaith'B  crost,  since  otbenrlsQ  the  earth  would  be  heaUng  up  with  geo- 
logical rapidity.  Instead  of  being  a  hod;  slowly  cooling  or  In  thermal  eqnlllb- 

It  is  not  known  to  what  depth  in  the  earth  the  various  radioactive 
minerals  extend,  nor  is  it  known  what  effect  great  pressure  may  have  on 
radio  emanations;  but  inasmuch  as  these  elements  have  the  highest 
atomic  weights  known,  it  would  seem  a  fair  presumption  that  there  is  a 
progressively  greater  condensation  of  them  toward  the  center.  In  any 
event,  it  ia  obvious  that  the  restriction  of  these  radioactive  elements 
to  the  outer  40  miles  of  the  earth's  crust  is  a  mere  convention,  devised 
for  the  sole  purpose  ol  getting  around  what  might  otherwise  be  an  awk- 
ward condition  of  being  obliged  to  account  for  too  much  heat.  It  would 
seem  to  me  that  it  is  within  the  bounds  of  possibility  that  this  may  be 
the  key  to  an  explanation  of  an  augmented  earth  heat  dnring  the  earlier 
geologic  ages.  As  it  seems  now  to  have  been  demonstrated  with  more 
than  a  reasonable  degree  of  certainty  that  the  breaking  down  of  tho 
radioactive  elements  into  a  descendant  series,  with  the  consequent  evolu- 
tion of  heat,  ia  a  process  that  requires  a  measurable,  albeit  a  very  long, 
period  of  time,  it  may  be  that  this  is  the  explanation  of  a  higher  earth 
heat  during  the  earlier  ages,  and  that  it  reached  its  maximum  long 
prior  to  the  Pleistocene,  since  which  time  it  has  been  declining.  This 
offers  an  explanation  of  the  present  cooling  globe  or  one  in  approximate 
thermal  equilibrium.  But  tills  is  pure  speculation,  as  difficult  to  prove 
as  to  disprove.  However,  in  the  next  paragraphs  certain  facts  will  be 
set  forth  that  seem  to  call  for  a  higher  inherent  earth  heat  than  we  have 
had  since  the  beginning  of  the  Pleistocene. 

OOSAK  TEIIPBRATUREB 

A  word  may  be  said  at  this  point  in  regard  to  the  temperature  of  the 
ocean  waters  during  early  geologic  time.  It  now  seems  to  be  settled 
lieyond  serious  question  that  the  waters  of  the  early  oceans  were  warm- 
in  fact,  that  they  were  not  permanently  cooled  as  they  are  now  until  tlie 
approach  of  Pleistocene  time.  This  does  not  necessarily  mean  that  there 
may  not  have  been  some  fluctuation  in  their  temperature  from  time  fcj 
time,  for  there  doubtless  was;  but,  taken  by  and  large,  the  oceans  were 
warm  from  the  equator  to  the  poles.     On  this  point  Ulrich  '•  says : 

"Taking  the  geological  marine  record,  as  preserved  In  the  foBslIlferons  rocks 
from  the  Cambrian  to  the  Tertlarr,  It  suggests  eqnable,  mild,  almost  subtrop- 
ical climates  over  the  whole  Northern  Hemisphere  In  all  the  ages  represented." 
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Ulrich  also  adds  that  there  is  undoubted  evidence,  notably  Id  the  earlv 
(.'ambrian  and  early  in  the  Pennsylvania!],  when  "frigid  conditions  oc- 
oiirred  at  least  locally."  This  ia  the  very  crux  of  the  matter,  for  it  seem^ 
clear  that  while  there  are  undoubted  evidences  of  glaciation,  they  were, 
at  least  for  the  most  part,  so  very  local  in  their  effect  that  they  8e«m  to 
have  made  little  impress  on  the  temperature  of  the  oceans,  and  henc« 
on  the  continuity  and  distribution  of  marine  life.  As  bearing  on  this 
point,  Dr.  John  M.  Clarke  has  exprertsed  his  opinion  as  folioww: 

"There  Is  of  coiiL'se  plenty  of  evidence  of  cold  weather  periods  and  also  of 
local  cold  throughout  Paleozoic  hfHtory.  I  can  not  say  that  ^atb  determllia- 
ttODH  are.  In  any  Hingle  particular  within  my  bnowledge,  dependent  upon  the 
fossils  of  the  rocka;  nor  can  I  say  that  the  ohvlous  evidences  of  rrcnrrent 
land  glaclatlon  are  connected  In  any  way  with  or  supported  by  an;  facta  pro- 
ducible from  coexistent  faunas  or  floras.  I  have  worked  out  with  some  par- 
ticularity a  somewhat  drcumscrihed  gladatlon  In  the  later  stages  of  Devonian 
time.  That  It  has  had  any  effect  on  the  marine  faunas  I  can  not  say :  whether 
It  has  affected  the  eatuarlne  or  river  fanoaa  represented  by  (he  neronlan 
fitihes,  we  can  not  tell  because  we  are  not  able  to  deduce  from  their  data  the 
adaptations  of  those  creatures." 

The  present  average  temperature  of  the  surface  of  the  oceans  varies 
from  about  — 1.7°  C.  at  the  poles  to  about  27.88°  C.  in  the  wannest 
(Indian)  ocean.  The  average  surface  tempemtore  of  the  oceans  as  a 
whole  is  as  follows:  Atlantic,  16.9°  C;  Pacific,  19.1°  C;  Indian,  17°  C. 

It  is,  of  course,  well  known  that  water  is  a  very  poor  heat  conductor. 
According  to  Orabau,  it  has  been  calculated 

"that  a  masH  of  water  S.OOO  meters  deep,  and  of  a  uniform  temperatorv  of 
0°  C,  would,  If  In  contact  with  a  beat  source  of  30°  C.  at  the  surface,  experi- 
ence the  following  rate  of  warming,  providing  no  other  factor,  such  as  con- 
vection currents,  etc..  entered  in.  In  100  years  no  appreclahle  Increase  in 
temperature  would  be  found  at  a  depth  of  100  meters ;  in  1,000  years  not  one 
per  cent  of  the  surface  warmth  Is  to  be  found  at  a  depth  of  300  meters,  while 
it  takes  10,000  years  to  curry  thlH  fraction  of  the  surface  warmth  to  a  depth 
Of  1,000  meters,  and  1,000,000  years  to  carry  It  to  a  depth  of  4,900  meteni. 
After  1,000  years  the  temperature  at  a  depth  of  100  meters  will  be  7.3°  C. 
while  at  200  meters  It  will  be  only  0.6°  C." 

In  actual  practice,  however,  the  warming  of  a  body  of  water  is  morr 
rapid,  due  to  the  absorption  of  the  sun's  rays,  vertical  convection  cur- 
-onto  oi,,i  (he  ainlfing  of  heated  saline  waters  whose  density  has  been 
rface  evaporation;  but  at  best  the  process  is  a  slow 
been  demonstrated,  the  process  of  heating  up  a  great 
ch  a  slow  one,  it  must  follow  that  it  will  give  up  its 
ximate  degree  of  slowness,     Now,  the  very  pertinent 
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question  presents  itself:  What  w&s  the  source  or  sources  of  heat  that 
kept  the  oceans  of  the  globe  so  continuously  warm  during  all  or  most  of 
early  geologic  Ume  ?  According  to  H.  F.  Reid,"*  the  earth's  surface  at 
the  present  time  receives  from  the  sun  at  least  3,000  times  as  much  heat 
as  from  the  interior  of  the  earth  itself;  yet,  covering  the  period  including 
the  Pleistocene  and  subsequent  time,  during  which  at  least  the  sun  is 
admitted  by  all  to  have  dominated  earth  temperatures,  the  heat  supplied 
from  this  source  has  not  been  sufficient  to  remove  the  polar  ice-caps  or 
raiee  the  Burfaee  temperature  of  polar  waters  even  to  0°  C,  tiiough  it  is 
to  be  acknowledged  that  in  many  areas— perhaps  everywhere — the  re- 
maining ice-covering  is  being  very  slowly  reduced. 

In  seeking  a  solution  of  this  problem  of  source  of  supply  of  heat,  let 
ue  assume  for  the  moment  that  it  came  from'the  sun  and  see  what  rea- 
sonable conclusions  can  be  reached  on  this  basis.  In  the  first  place,  the 
whole  matter  is  seemingly  thrown  out  of  court,  as  many  times  pointed 
out  in  this  paper,  on  the  ground  that  if  the  sun  had  been  the  principal 
source  of  heat  in  pre-Pleistocene  time,  terrestrial  temperatures  would  of 
necessity  have  been  disposed  in  zones;  whereas  the  whole  trend  of  this 
paper  has  been  the  presentation  of  proof  that  these  temperatures  were 
distinctly  non-zonal.  Therefore  it  seems  to  follow  that  the  sun — at 
least  the  present  small-angle  sun — could  not  have  been  the  sole  or  even 
the  principal  source  of  heat  that  wanned  the  early  oceans. 

Assuming  again,  for  the  sake  of  argument,  that  the  conclusion  regard- 
ing the  non-zonal  disposition  of  temperatures  was  in  error,  and  that  the 
heat  for  warming  the  early  oceans  actually  did  come  from  the  sun,  then 
it  must  have  been  from  a  hotter,  small-angle  sun  or  from  a  diffuse,  large- 
angle  sun.  In  either  case  the  first  effect  would  be  an  increase  in  surface 
temperatures,  which  would  increase  evaporation  and  thus  make  the  cloud 
envelope  more  complete  and  efficient ;  and  this  in  turn  wonld  automatic- 
ally, though  perhaps  intermittently,  shut  off  the  sun's  rays  from  access 
to  the  earth's  surface.  Considering  the  extreme  slowness  of  the  absorp- 
tion of  heat  by  water  and  the  great  amount  that  must  have  been  necessary 
to  heat  up  and  maintain  the  warmth  of  the  oceans,  it  becomes  increas- 
ingly difRcult — not  to  say  impossible — to  believe  that  it  could  have  been 
supplied  by  the  sun  under  the  conditions  predicat^^i. 

EVIDBKCSe  OF  ai.ACIAT10\ 

By  many  it  is  thought  that  one  of  the  strongest  arguments  against  a 
gradually  cooling  globe  and  a  humid,  non-zonally  disposed  climate  in  the 
ages  before  the  Pleistocene  is  the  discovery  of  evidences  of  glacial  action 

"  Science,  new  wr.,  toI.  28,  1800,  p.  2B. 
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practically  throughout  the  entire  geologic  coinnui.  Hardly  less  than  a 
dozen  of  these  are  now  known,  ranging  in  age  frcan  Hnronian  to  Eocene. 
It  Beems  to  be  a  very  general  assumption  by  those  who  bold  this  view  that 
these  evidences  of  glacial  activities  are  to  be  classed  as  ice  ages,  largely 
comparable  in  effect  and  extent  to  the  Pleistocene  refrigeration,  but  as  ■ 
matter  of  fact  only  three  are  apparently  of  a  magnitude  to  warrant  such 
designation.  These  are  the  Hnronian  glaciation,  tiiat  of  the  "Penno- 
CarbonifeTOUS,"  and  that  of  the  Pleistocene.  The  others,  so  far  as  avail- 
able data  go,  appear  to  be  explainable  as  more  or  less  local  manifestations 
that  had  no  widespread  effect  on,  for  instance,  ocean  i«mperatare8,  dis- 
tribution of  life,  etcetera.  They  miglit  well  have  been  of  the  type  of 
ordinary  moiuitain  glaciers,  due  entirely  to  local  elevation  and  precipita- 
tion, of  which  we  have  many  examples  now  existing.  And  in  this  con- 
nection it  may  not  be  out  of  place  to  call  attention  to  the  difficulty  of 
accurately  fixing  in  the  time  scale  these  often  widely  scattered  areas 
exhibiting  glacial  phenomena.  It  seems  to  me  not  only  possible,  bat 
entirely  probable,  that  there  is  a  considerable  element  of  error  in  the 
determination  of  the  stratigraphic.  position  and  assumed  or  implied  eja- 
chroneity  of  certain  of  these  ancient  glaciated  areas.  They  are  often 
unaccompanied  by  fossil  remains,  and  hence  their  position  can  only  be 
fixed  within  very  broad  limits. 

PHrSWLOaWAL  ACTION  OF  INCBBABSD  OL0DDINB8B  OH  PLAST  LIFE 

As  already  abundantly  set  forth  in  preceding  pages,  the  conclusion 
seems  inevitable,  if  the  data  has  been  correctly  interpreted,  that  there 
was  increased  cloud  production  during  the  early  geologic  ages  which  shut 
out  access  of  the  sub  to  the  earth's  surface.  As  the  question  is  almost 
certain  to  be  raised  as  to  the  probable  physiological  effect  of  this  cloud 
mantle  on  plant  life,  I  have  taken  occasion  to  ascertain  recent  observa- 
tions and  opinion  on  this  point.  Inasmuch  aa  a  very  considerable  per- 
centage of  existing  plants  grow  under  conditions  where  they  seem  1" 
demand,  or  at  least  tolerate,  strong  sunlight,  it  has  seemed  to  many  a 
fair  inference  that  similar  condition  must  have  applied  to  the  earlier 
floras — that  is  to  say,  that  their  presence  is  proof  positive  of  the  presence 
of  full  sunshine — but  the  facts  now  available  do  not  bear  out  this  con- 
tention. 

In  this  connection  I  consulted  with  Dr.  John  M.  Coulter,  of  the  ITni- 
versity  of  Chicago,  and  through  him  with  Dr.  William  Crocker,  of  the 
same  institution.     Among  other  things,  Dr.  Crocker  states: 

"T'ate  work  is  Indlcntlns  verj'  strongly  ttiat  the  main  «ffect  that  \^t  tiu 
on  the  development  of  the  plant  Is  Its  effect  on  photosTnthesla  and  tlinnvti 
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tbe  food  Urns  mannrHctured  on  tbe  rate  and  course  of  deTelopment  of  the 

plant." 

Dr.  Crocker  aleo  directed  my  attention  to  an  important  paper  by  Measm. 
Brown  and  Esoombe,"  in  which  they  record  results  of  the  effect  of  vary- 
ing amounts  of  light  on  photoeynthesis.  This  work  waa  carried  on  at 
Kew,  England,  where  so-called  full  sunlight  is  not  very  full,  owing  to 
prevalent  cloudiness.     They  say : 

"When  a  leaf  is  exposed  to  full  sunahlne  the  radiant  energy  which  Is  utll- 
iMd  tot  the  photosyntbetlc  process  represents  only  a  very  small  pert  of  the 
total  Incident  radiation.  If  we  restrict  tbe  term  "ecoaomlc  coeffldeot"  to  the 
ratio  of  these  two  values,  the  full  radiation  falling  on  tbe  leaf  being  taken  as 
100,  It  1b  evident  that  tbe  leaf  is  an  extremely  wasteful  transformer  of  energy, 
since  It  receives  a  very  large  amount  of  superfluous  energy  which  does  not 
contribute  to  the  main  function  of  tbe  leaf.  That  the  photosyntbetlc  rays, 
even  In  sunlight  of  very  moderate  intensity,  are  In  excess  of  the  power  of  the 
leaf  to  utilize  them  has  been  shown  by  the  experiments  described  In  Part  2, 
XXXX.  It  was  found,  for  instance,  where  solar  radiation  of  an  average  In- 
tensity of  about  0.5  calorie  per  square  centimeter  per  minute  was  reduced  to 
about  one-third  of  tbis  intensity  by  passing  throogb  a  thin  canvas  screen, 
forming  an  artificial  'doud,'  that  it  still  contained  an  excess  of  photosyn- 
tbetlc rays  over  and  above  what  was  necessary  to  produce  maximal  assimila- 
tion in  ordinary  air ;  for  by  means  of  the  revolving-sector  method  tbe  Intensity 
of  the  radiation  conld  be  still  further  reduced  to  one-quarter— that  is  to  say, 
to  one-twelfth  of  the  original  amount — before  there  waa  any  sensible  diminu- 
tion of  tbe  assimllatory  power  of  a  leaf  submitted  to  its  Influence." 

It  remains  to  ascertain  the  amount  of  light  that  would  be  available  for 
photosynthetic  processes  under  conditions  of  a  complete  and  permanently 
overcast  sky.  These  data  are  supplied  in  a  paper  recently  published  by 
Dr.  H.  H.  Kimball,"  of  the  V.  S.  Weather  Bureau.     He  says: 

"Photometric  measurements  made  at  Mount  Weather,  Virginia,  show  that 
with  a  clear  sky  the  total  Ulumluatlon  on  a  borlzontal  surface  varied  from 
10,000  foot-candles  In  June  to  3,600  foot-candles  in  January.  .  .  .  The  Illu- 
mination on  a  horizontal  surface  from  a  completely  overcast  shy  may  be  half 
as  great  as  the  total  Illumination  with  a  clear  sky,  and  Is  frequently  one-third 
as  great.  On  the  other  hand,  during  severe  thunder-storms  at  noon  In  mid 
summer,  the  lllnminatlon  may  be  reduced  to  less  than  one  per  cent  of  the 
Illumination  with  a  clear  sky." 

These  results  indicate  that  the  supply  of  light  would  undoubtedly  b? 
ample  for  plant  needs,  even  with  a  complete  cloud  mantle.     Although 

"  H.  T.  Brawn  and  F.  Eacombe :  KescsrcheB  on  some  of  Ibe  pbyslalof  leal  proceiiei  o( 
trteo  leaves,  with  special  refereace  to  the  intercbinge  of  energy  between  tbe  leaf  and 
it>  larrDUDdiDga.     Proc.  Roy,  Soc,  IxindaD.  Series  B,  vol.  T6.  1905.  p.  86. 

"  H.  H.  Kimball :  Fbotoueliii:  measurements  of  dayllgbt  Illumination  on  a  boriiontal 
snrface  at  Haunt  Weather.  Va.    Montbly  Weatber  ReTlew,  toI.  42,  IMM,  p,  662. 
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plants  now  seem  to  tolerate  strong  sunlight,  it  is  possible,  even  probable, 
that  through  exposure  to  strong  light  they  have  come  to  be  greater  light- 
dem&nders.  The  ones  grown  under  the  postulated  cloud  conditions  or 
the  earlier  geologic  ages  may  have  corresponded  more  nearly  to  onr 
present  shade-tolerant  forms. 

In  the  living  flora  the  feme  hold  a  subordinate  position,  though  therj 
are  perhaps  as  many  specific  types  now  as  there  were  at  any  time  in  the 
past.  The  living  ferns  are  preeminently  shade-loving  plants;  in  fact, 
few  of  them  can  long  survive  exposure  to  strong  sunlight.  Is  it  not 
poesible  that  their  shade-loving  habit  is  a  direct  inheritance  from  tic- 
early  geologic  ages,  when  they  were  developed  under  a  practically  con- 
tinuous cloud  mantle?  Ferna  have  now  essentially  the  same  structure, 
method  of  reproduction,  and  ecological  requirements  that  they  hiJ 
throughout  the  Paleozoic  and  Mesozoic.  If  the  ferns  of  the  earlier  ag^ 
were  developed  nnder  conditions  of  strong  sunlight,  they  have  complete!*' 
changed  their  habit  without  this  fact  being  reflected  in  the  structure. 

OBSTACLES  TO  THE  ACCEPTASOB  OF  EARTH  BEAT 

Other  supposedly  serious  obstacles  to  the  acceptance  of  this  hypothesis 
have  recently  been  formulated  by  Barrell."  He  holds  that  "the  amount 
of  radioactivity  known  to  exist  in  the  crust  appears  to  be  adequate,  or 
more  than  a<lequate,  to  account  for  the  whole  emanation  of  heat,"  but 
his  deduction  from  this,  namely,  that  "there  is  no  evidence,  therefore, 
that  the  earth  is  cooling  and  that  the  crust  gave  forth  more  heat  ;n 
earlier  times,"  does  not  seem  clear.  Under  the  present  system  of  solar 
control,  there  may  be  a  compensatory  adjustment  of  heat  derived  from 
the  two  sources  (earth  and  sun)  that  was  lacking  when  the  sun  was  not 
the  dominant  factor  it  now  is.  To  my  mind,  logic  supports  the  conten- 
tion of  a  cooling  globe  during  the  major  part  of  geologic  history. 

Barren's  second  point — namely,  that  the  deeper  parts  of  many  pre- 
Cambrian  formations,  such  as  the  TJnkar  and  Chuar,  exposed  nn  tl'<> 
depths  of  the  Grand  Canyon  section,  do  not  show  regional  metamorphism. 
and  hence  that  the  "temperature  gradient  since  the  late  pre-Cambrian 
could  not,  therefore,  have  been  notably  higher  than  at  present'" — appears 
to  be  based  on  the  supposition  that  the  entire  section  of  perhaps  20,ix'(> 
feet  was  buried  and  remained  at  a  great  depth  for  ages,  while  as  a  matter 
of  fact  it  probably  came  to  the  surface  in  late  Algonkian  time  an.i 
remained  at  or  near  the  surface  for  a  very  long  time,  as  shown  by  the 

BnU.  Ool.  9^. 
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fact  that  there  is  very  little  Cambriaii,  no  Ordovician,  Silurian,  or 
Devonian,  and  comparatively  little  Pennsylvanian  in  this  section. 

While  the  above  may  be  a  satisfactory  explanation  of  the  speci&c  case 
cited,  it  may  not  explain  lack  of  regional  metamorphism  in  general. 
This  point  is  touched  on  by  Manson  **  in  his  recently  publiehed  paper, 
his  statement  reading  as  follows: 

"The  conductivity  of  the  crust  o(  the  earth  la  so  low  that  the  beat  which 
could  be  made  avalliible  as  a  cllnmtic  factor  through  this  process  [Uberatton 
of  earth  heat]  Is  negligible,  except  for  very  short  periods  over  very  limited 
areas.  This  extremely  low  conductivity  was  one  of  the  highly  conservative 
factors  imposing  the  long  duration  of  this  source  and  Its  liberation  is  recorded 
In  the  altered  and  unaltered  sedimentatlonB  and  severe  cmstal  mptures  up  to 
the  present  era." 

This  interpretatioQ  means  that  earth  heat,  given  off  very  slowly  owing 
to  the  low  conductivity  of.  the  rock  crust,  was  stored  in  warm  oceans. 
The  warm  waters  increased  evaporation  and  cloud  formation,  thus  con- 
serving the  heat,  which  procesB  was  also  aided  by  the  sun's  rays  falling 
on  the  outside  of  the  more  perfect  cloud  spheroid.  This  slow  trans- 
mission of  heat  through  the  rock  crust  has  not  only  act«d  as  a  conservator 
of  earth  heat,  but  explains  why  rocks  brought  from  great  depths  show 
so  little  evidence  of  having  been  subjected  to  great  heat. 

His  third  contention  is  that  the  "quantity  of  heat  which  the  earth 
delivers  to  the  atmosphere  is  now,  and  must  always  have  been;  inconse- 
quential in  comparison  with  that  derived  at  present  from  the  sun"; 
heDce,  for  example,  "to  have  conducted  five  times  the  heat,  the  tempera- 
ture gradient  would  have  to  be  five  times  as  steep,  giving  a  temperature 
<»f  molten  rocks  at  a  depth  of  five  miles." 

This  ignores  wholly  the  value  of  radioactivity,  and  in  another  part 
of  the  same  paper  (p.  839)  Barrell  says:  "The  discovery  of  radioactivity 
cut)4'out  all  solid  basis  for  calculating  age  [of  the  earth]  from  the  flow 
of  solar  energy  or  the  temperature  gradient  of  the  earth."  No  furthcf 
comment  on  this  point  seems  necessary. 

Barren's  fourth  proposition  is  as  follows: 

"The  presence  of  banding  In  certain  argellltes  of  early  pre-Oambrlan  times 
In  Norway  and  Canada,  aHsodated  with  ancient  glacial  depoeits,  is  directly 
comparable  with  the  annual  banding  In  stratlQcatlon  in  Pleistocene  clays  in 
those  same  r^one.  and  testlQeH  to  the  dependence  of  temperature  in  those 
tlme^  on  solar  radiation  with  an  atmoMpherlc  condition  which  permitted  the 
(■xffteuce  of  winter." 

*•  Harad^n  Hanson:  Gmlogic  and  present  cllmatea.  161B.  jt.  21T. 
XXXVIII— Bull.  GkoL.  Soc.  Aji.,  Vol.  30,  1»18 
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I  Bttbmitted  thb  statement  to  Dr.  W.  C.  Alden,  vho  writes  me  as  foUowd; 

"It  seems  like  a  far  cry  from  banded  pre-Cambriao  arglllites  to  solar  radia- 
tion and  seasonal  temperatures,  jet  there  may  be  a  dtrect  and  logical  relation. 
Tbe  reasoning  may  be  correct,  but  I  would  besltate  to  Jump  directly  to  tbe 
conclusion  stated.  Tbere  seems  to  be  no  donbt  that  variation  in  stream -floir 
due  to  rarlBtloD  In  prectpltatioD  resulting  from  seasonal  changes  will  produce 
lamination  In  floe  sediments,  but  I  doubt  If  all  lamination  is  produced  In  tbl! 
way.  Any  other  recurring  condition  that  affected  precipitation  (rainfall)  and 
the  load  of  sediment  carried  by  the  streams  might  produce  such  laminatloo. 
The  factor  of  recurrence  at  more  or  less  regular  intervals,  however,  stroDgly 
snggests  seasonal  recurrence.  This  might  be  without  the  oocnrrence  of  tcinler. 
meaning  by  winter  a  cold  season  such  as  we  experience  In  the  temperate  iom 
and  higher  latitudes.  ...  I  am  not  sure  the  lamination  of  sediments  asso- 
ciated wltb  glacial  deposits  might  not  be  produced  under  other  conditions.  II 
requires  close  analysts  to  eliminate  alternative  possibilities  when  one  Is  con- 
slderlng  what  might  have  happened  in  pre-Gambrlan  times." 

Dr.  R.  S.  Bassler,  with  whom  I  have  discussed  this  question,  hu.- 
expreesed  the  opinion  that  the  banding  in  the  pre-Carobrian  argillitt'^ 
may  possibly  be  due  to  segregation  from  shales  more  or  less  homogeneous 
when  originally  deposited.  Ae  examples  he  cites  the  many  banded 
shales — all  unaccompanied  by  evidences  of  glaciation — ip  Ordovician, 
Silurian,  and  Devonian  rocks.  Dr.  E,  0.  Ulrich,  with  whom  I  ha^; 
also  discussed  the  problem,  doubts  the  efficiency  of  the  s^regation 
hypothesis  and  considers  the  banding  as  purely  a  question  of  sedimenta- 
tion. He  is  of  the  opinion  that  there  are  so  many  factors  influencing 
the  deposition  of  fine  sediments  that  it  is  unwise  or  unsafe  to  pin  much 
faith  to  variation  in  stroani-flow  and  consequent  deposition  as  dependent 
on  seasonal  changes,  especially  at  a  time  so  remote  as  the  early  pre- 
(.'ambrian. 

In  view  of  these  conflicting  opinions,  it  does  not  seem  that  this  conten- 
tion can  be  considered  as  much  more  than  a  possibility.  It  will  have 
to  be  supported  by  more  e.\act  information  before  it  can  be  accepted. 

Barren's  fifth  objection  reads  as  follows : 

"The  abundance  of  carbon  In  tbe  clays  of  early  pre-Cambrlan  time  s(U|cre>t'^ 
the  presence  of  suntlgbt  suiflclent  to  carry  forward  photosynthesis  in  pUnlN 
and  therefore  the  absence  ot  an  extremely  dense  cloud  envelope," 

This  is  a  generalization  on  a  very  insufficient  and  insecure  basis:  for 
while  pure  carbon  or  graphite  may  be  produced  by  the  metamorphnsis  d' 
coal  or  other  vegetable  debris,  it  by  no  means  follows  that  it  was  alwa;* 
so  produced,  especially  in  the  older  rocks.  Carbon  is  formed  in  meteor- 
ites in  a  purely  inorganic  manner,  ae  by  the  decomposition  of  metall:.' 
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carbides.  Moreover,  the  carbon  or  graphite  in  the  Laurentisn  rocks  is 
so  vast  in  quantity — more.  Sir  William  Logan  once  said,  than  in  any 
Bimilar  area  of  Carboniferous  rocka  in  the  world — that  it  would  require 
for  its  production  an  incalculable  mass  of  algte,  which  were  without  woody 
substance,  and  hence  low  in  carbonaceous  matter.  And,  further,  many 
plants,  notably  red  and  brown  alge,  do  not  require  sunlight  for  their 
asaimilatioD  processes;  hence,  if  we  should  grant  that  the  pre-Cambrian 
carbon  had  been  reduced  by  plant  life,  it  would  by  no  means  follow  that 
this  life  process  implied  sunlight.  It  could  have  gone  forward  in 
absence  of  direct  sunlight. 

The  last  point  Professor  Barrell  seeks  to  make  is  based  on  the  fact  that 
glacial  conditions  and,  as  he  holds,  periods  of  widespread  aridity  have 
recurred  at  intervals  since  Middle  pre-Cambrian  time;  hence  he  con- 
cludes that  the  composition  of  the  atmosphere  and  ranges  of  temperature 
have  been  subject  to  fluctuation  through  all  geologic  time. 

The  deductions  based  on  glacial  conditions  apparently  are  on  the  sup- 
position that  all  observed  glacial  activities  are  veritable  ice  ages  having 
a  profound  effect  on  temperatures,  life  distribution,  etcetera.  The 
fallacy  involved  in  this  conception  has  already  been  set  forth. 

The  criteria  on  which  widespread  aridity  are  predicated  are  not  stated, 
though  presumably  based  on  the  conventional  doctrine  of  red  beds,  de- 
posits of  salt,  etcetera.  The  great  deposits  of  salt  are  presumed  to  have 
resulted  from  the  evaporation  of  impounded  saline  waters.  But  has  any 
one  attempted  to  visualize  the  physical  setting  essential  for  the  formati'xi 
of  a  100-400-foot  bed  of  salt  by  evaporation?  Is  it  certain  that  such 
deposits  are  proof  positive  of  aridity? 

The  phpical  character  of  sediments  and  the  interpretatiou  of  their 
mo<]e  of  deposition  has  been  used  to  prove  aridity,  but  when— as,  for 
example,  in  the  case  of  the  Old  Red  sandstone — interpretations  of  th; 
same  (lata  range  all  the  way  from  the  permanent  deserts  postulated  by 
Walther  and  Goodchikl  and  the  semi-aridity  advocated  by  Barrell  and 
Jukes-Brown  to  the  contention  of  a  marine  origin  by  Hugh  Miller  and 
recently  confirmed  by  Macnair  and  Reid,  the  layman  may  well  hesitate. 

There  is  undoubtedly  an  element  of  truth  in  all  of  these  several  con- 
tentions, but  it  is  when  they  are  forced  to  bear  too  great  a  burden  that 
they  falter.    As  Barrell"  has  well  said  in  another  connection: 

"In  general,  traditional  criteria  are  liable  to  l«ad  Into  error  because  they 
become  accepted  as  axlomx  and  are  applied  without  further  thought.  They 
lag  behind  the  development  ot  a  science." 
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In  general.— The  broader  problems  that  we  have  been  considering  D«t- 
urally  inclnde  the  several  hypotheses  that  have  been  advanced  from  time 
to  time  to  account  for  the  origin  of  gladation.  Most  of  these  hypotheses 
were  proposed  to  account  for  the  initiation  of  the  great  Pleistocene  ice 
age ;  but,  as  the  evidence  gradually  accumulated  and  it  became  evident 
that  there  had  been  numerous  other  refrigerations,  the  burden  forced  on 
these  hypotheses  of  explaining  all  glaciations  became  too  heavy,  and  one 
after  another  they  appear  to  have  failed  of  adequacy.  I  have  ventared  to 
review  several  of  the  more  prominent  of  these  proposals  and  to  point  out 
where  and  why  i^ey  seem  to  fail. 

Shifting  the  position  of  the  poles. — In  order  to  account  for  the  pres- 
ence of  tropical  vegetation  within  the  polar  circles  and  of  glaciation  in 
middle  latitudes,  it  was  perhaps  natural  and  seemingly  logical  to  postn- 
late  a  wandering  of  the  earth's  axis  of  rotation  within  its  body — a  shift- 
ing of  the  poles.  This  hypothesis  was  advanced  nearly  a  century  ago. 
and  for  a  time  found  many  advocates  among  geologists,  and  more  espe- 
cially among  biologists,  to  whom  it  furnished  an  easy  explanation  of 
certain  puzzling  facta  of  distribution  among  plants  and  animals.  They 
failed  to  appreciate,  or  indeed  to  perceive,  that  this  shifting  of  the  earth's 
axis  is  "really  a  problem  of  mathematics,  as  much  as  are  the  movements 
of  precession  and  orbital  perturbations."  Hence  astronomers  and  mathe- 
maticians have  in  general  been  opposed  to  hypotheses  of  polar  migration, 
and  Lord  Kelvin,  and  more  especially  Qeorge  H.  Darwin,  have  appar- 
ently set  the  matter  definitely  at  rest.  Beyond  a  very  slight  possible 
movement,  involving  at  the  outside  not  more  than  10  degrees,  that  may 
have  taken  place  in  the  geographic  position  which  the  axis  held  at  the 
consolidation  of  the  earth,  they  conclude  that  polar  migration  is  mechan- 
ically impossible. 

Barrvll  has  recently  published  an  elucidating  review  of  the  "Status  of 
iiypotheaes  of  polar  wanderings,"  '•  which  he  concludes  as  follows: 

"It  would  appear  that  the  assumption  of  polar  wandering  as  a  cause  of 
climatic  cbange  and  organic  migrations  is  as  gratuitous  as  an  assumption  of 
a  eliangiiig  eartli  orbit  Id  defiance  of  the  laws  of  celestial  mechanics.  TTnleie 
some  wholly  unsuspected  forces  are  at  worlc  within  the  centrosphere,  polar 
wandering  has  no  more  basis  in  science  than  Sfmmes's  ImaKiDings  of  a  tioUow 
earth.  From  all  that  Is  known  at  present  the  doctrine  must  be  regarded  as  « 
vagrant  Hpeculatlon,  not  h  worlting  hypothesis." 

>•  Jowph  Barrel! :  SclCQM,  n.  «..  va!.  10,  Sept.  i.  1914,  pp.  SS8-S40. 
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Continental  elevation  ht/pothesis. — It  is  probable  that,  all  things  con- 
sj(iere<l,  there  is  a  wider  acceptance  among  geologists  and  others  of  the 
postulate  that  changes  in  temperature  due  to  continental  elevation  are 
sufficient  to  account  for  the  inauguration  and  control  of  glaciation  than 
any  other  of  the  many  hypotheses  that  are  up  for  discussion.  As  Gregory 
says,  it  is  attractive  from  its  Bimplicity,  It  is  of  course  well  established 
that  there  was  a  measure  of  continental  elevation  and  subsequent  depres- 
sion during,  for  instance,  the  Pleistocene  invasion.  This  is  proved  by 
the  prolongation  of  fjords  and  land  valleys  on  the  adjoining  ocean  floor, 
by  the  finding  of  littoral  shells  in  submerged  areas,  and  of  marine  organ- 
isms on  lands  now  elevated,  though  in  some  cases  the  last-mentioned  oc- 
currence may  have  resulted  from  an  ice-mass  that  filled  and  plowed  out 
a  shallow  sea  basin,  thus  pushing  them  onto  and  over  the  adjacent  land. 
But  whether  the  hypothesis  of  continental  elevation  is  fully  competent 
to  account  for  the  origin  and  control  of  glaciation  at  all  times  and  in  all 
places,  and  under  the  usual  postulate  of  a  solar  control  similar  to  that 
now  obtaining,  is  much  to  be  doubted. 

In  discussing  the  several  advances  and  retreats  of  the  Pleistocene  ice- 
sheets,  TJlrich*'  says: 

".-^RRumlngr  that  elevation  Is  competent  to  btinii;  about  glacial  condltloDH  In 
areas  ot  abundant  precipitation,  tt  seems  to  me  tbat  the  But>8eqneDt  melting 
and  retreat  of  the  ice-cap  may  be  due  chiefly  to  ttie  subsidence  of  the  areas. 
and  that  the  subsidence  resulted  from  overloading.  In  other  words,  tliat  the 
Iwstatic  equllibrlnm  Iiad  t>ecn  disturbed  by  loading,  and  that  subsidence  Ret 
ill  when  the  Ice  attained  a  certain  limit  of  thickness.  .  .  .  Reaching  the 
level  ot  melting,  the  ice-cap  was  gradually  removed,  only  to  be  rebuilt  when 
the  direction  of  movement  was  flmt  stopped  and  then  reversed." 

Coleman,"  in  considering  this  problem  of  Pleistocene  elevation,  reaches 
a  quite  different  .conclusion.    Ke  says : 

"IxKnil  elevations  of  thousands  of  feet  can  hardly  be  conceived  as  taking 
place  at  the  same  time  over  moat  of  North  America,  the  whole  length  of  the 
Andes  and  Patagonia,  all  northern  Europe,  the  Alps,  the  mountains  of  Tur- 
keHtan,  the  Himalayas  and  Altai  Mountains,  the  Atlas  region,  Rewenzori, 
Kenai,  and  Kilimanjaro,  the  New  Zealand  Alps,  and  Kosciusko  in  Australia, 
not  to  mention  other  localities  glaciated  in  Pleistocene  times.  The  theory 
breaks  down  of  its  own  weight." 

Coleman  also  adds  that  in  some  cases  elevation  is  actually  hostile  to  the 
formation  of  ice-sheets,  as  witness  the  observations  of  Scott,  that  on  the 

"  E.  O.  Clrlch  r  RcTliilaa  of  the  Paleoiolc  syatems.  Bnn.  Geol.  Soc,  Am.,  vol.  22, 
1011.  p.  353. 

■  A.  P.  ColemaD :  Olaclal  periods  and  tb-^lr  bearing  on  geological  tbeorlpg.  Bull.  Geo! 
Boc  Am.,  vol.  le,  1908,  p.  883. 
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Antarctic  table-land,  9,000  feet  above  sealevel,  the  ice  ia  dvindling  am] 
the  glaciers  retreating.  In  ^ie  area,  at  least,  depreseion  might  extend 
glaciatioD  by  increasing  precipitation. 

If  it  were  worth  while,  an  indefinite  number  of  quotations  both  for 
and  against  this  elevation  hypothesis  could  be  made;  but  out  of  this 
wealth  of  more  or  less  conflicting  testimony,  it  seems  to  me  there  must 
come  the  conviction  that  it  may  nevertheless  have  played  a  relatively 
important,  though  not  always  the  major,  role  in  the  production  of  glacia- 
tion.  We  know  that  even  under  the  present  system  of  solar  control  of 
temperatures,  if  there  ia  given  the  requisite  elevation  and  adequate  pre- 
cipitation, accumulation  of  snow  and  ice  will  result  It  might  even  Ik- 
possible  on  this  basis  to  explain  a  majority  of  the  evidences  of  glaciation 
that  have  been  described  from  the  earlier  rocks;  for,  as  already  men- 
tioned, they  are  or  may  be  of  the  well  known  mountain  type  of  glaciation. 
But  it  seems  to  me  improbable,  not  to  say  impossible,  with  the  atrnt^phere 
controlled  by  the  sun,  for  elevation  alone  to  account  for  the  inauguration 
of  tlie  three  major  periotls  of  glacial  activity.  The  Pleistocene  glaciation 
was  moat  extensive  in  North  America.  It  was  laid  down  over  a  broaii, 
fairly  level  plain,  and  to  my  mind  there  is  no  convincing  evidence  of  a 
continental  elevation  that  seems  adequate  to  account  for  its  initiation. 
Still  less  does  it  seem  competent  to  account  for  the  "Permo-Carbonifer- 
ous''  glaciation.  As  has  been  shown,  however,  even  a  moderate  elevation 
coupled  with  non-solar  control  seems  fully  competent  to  explain  all  type)' 
of  glaciation. 

Changes  in  atmospheric  circuUUion  hypotkem. — This  explanation, 
which  was  especially  advocated  by  Harmer'"  as  applied  to  the  Pleistocene 
climate  of  northwestern  Europe,  is  conditioned  on  changes  in  atmospheric 
circulation  resulting  from  geographic  changes  such  as  variation  in  conti- 
nental outline  and  elevation.  It  is,  of  course,  well  known  that  quite 
marked  meteorological  phenomena  are  dependent  on  or  influenced  by 
terrestrial  configuration,  but  this  hypothesis  fails  utterly  to  explain  the 
initiation  of  the  equatorial  "Permo- Carboniferous"  glaciation,  or  of  trop- 
ical or  Bemitropical  temperatures  in  polar  lands.  Moreover,  atmospheric 
circulation,  as  here  made  use  of,  is  of  necessity  based  on  the  assumption, 
not  considered  tenable  by  the  writer,  that  the  sun  has  controlled  earth 
atmosphere  throughout  the  whole  of  geologic  time  as  it  does  now.  That 
this  was  a  minor  contributing  factor  during  Pleistocene  and  subsequeni 
time  is  possible,  but  it  could  hardly  have  been  more  than  this  when  vi- 
reach  the  points  at  which  the  glaciation  took  place — some  on  mountains. 

■  F.  W.  Hinntr ;   loixr.  Geol.  Soc.,  vol.  B7,  1898,  pp.  40B-4TS. 
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Others  on  broad,  low  plains;  some  ou  small  oceanic  islands,  otiiers  along 
geacoasts  or  on  isolated  momitains  in  the  middle  of  a  great  continent. 

Hypothesis  of  the  variation  in  the  atmospheric  content  of  carbon- 
dioxide. — The  general  proposition  that  a  change  in  the  amount  of  carbon- 
diuxide  in  the  atmosphere  might  be  sufBcient  to  initiate  glaciation  was 
auggeat«d  hy  Tyndall  more  than  half  a  century  ago,  and  in  recent  yean 
it  has  received  able  advocacy  by  Arrheuius  and  by  Professor  Chamberlin. 
The  present  normal  content  of  the  atmosphere  is  about  .03  per  cent. 
According  to  calculations  by  Arrhenins,  an  increase  of  carbon-dioxid'j 
to  .09  per  cent  would  be  sufficient  to  raise  the  temperature  in  the  polar 
regions  by  from  H"  to  16°  F,,  giving  a  temperate  climate,  while  n 
decrease  by  about  one-half  of  the  present  amount  would  be  sufficient  to 
bring  about  a  period  of  glaciation  similar  to  that  of  the  Pleistocene. 

The  slight  changes  required  are  so  very  modest  in  amount  ttiat  it  must 
be  confessed  this  constitutes  a  very  attractive  hypothesis,  especially  after 
une  has  followed  Professor  Chamberlin's  exposition;  but  when  it  is 
critically  examined  a  number  of  objections  obtrude  that  seem  to  remove 
it  from  the  cat^ory  of  major  factors  in  the  initiation  of  glaciation  or 
(leglaciation.  What  seems  to  me  to  be  a  most  formidable  objection  ii 
the  rapid  and  repeated  fluctuations  of  the  carbon-dioxide  content  of  thu 
atmosphere  that  must  be  postulated  to  account  for  the  retreat  and  re- 
advance  of  glacial  activity  during  the  Pleistocene  ice  age,  to  say  nothing 
of  those  of  other  geologic  times.  "Surely,"  as  Edgeworth  David"  has 
said,  "there  is  hardly  scope  here  for  a  world-wide  variation  of  carbon- 
dioxide  in  the  earth's  atmosphere  repeating  itself  so  frequently  over  such 
short  intervals  of  time,"  That  is  to  say,  that  why  there  should  have 
been  this  intermittent  activity,  separated  by  millions  of  years  in  the 
earlier  ages,  and  the  sudden  fluctuations  in  the  Pleistocene,  separated  at 
most  by  a  few  thousands  of  years,  is  not  apparent;  also,  it  should  not 
be  forgotten  that  according  to  Schloesing,*'  and  supported  by  Dittmar, 
the  ocean  exercises  a  powerful  and  potent  control  over  the  amount  of 
carbon-dioxide  in  the  atmosphere.  The  manner  of  this  action  and 
reaction  is  set  forth  by  Gregory  "  as  follows : 

"If  tbe  amount  ot  carbonic  add  Id  the  atmosphere  is  diminished,  the  blear- 
honates  In  the  sea  are  dimoclated ;  the  gas  thus  liberated  Is  thus  poured  Into 
the  air,  until  tbe  former  equilibflum  between  tbe  tension  of  the  carbonic  ncld 

■°  T.  W.  Edgeworth  DaTid :  Condllloni  ol  dlmate  nt  durerriit  geological  epocha.  Cong. 
Ktel.  Interut..  Compr.  read.,  T«Dtb  SeealoD,  1006  [1907),  p.  4TT. 

" Bcblopalng ;  Sur  1e  CoDstanee  de  la  rronorllon  d'actde  carboDlque  daos  I'alr. 

Compt.  Reod..  toI.  BO.  1880,  p.  140. 

oj.  W.  Gretorr :  CUmatle  rarlatlona.  thrlr  piteot  sod  causes.  Cong.  g^L  lotemat., 
foropt'  reDd..  Tenth  SrsnloD,  1906(lfK>7],  p.  41B. 
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In  the  atmoBphere-  and  In  tbe  sea  Is  reestabllsbed.  Hence  a  reduction  of  car- 
bonic acid  in  the  air  Is  autontatlcally  followed  by  the  discharge  of  nearly  a» 
large  a  qaantltr  from  tbe  sea,  so  tbat  any  reduction  ie  distributed  between 
the  air  and  tbe  ocean.  Any  increase  of  carbonic  acid  in  the  atmosptiere  Ih 
followed  by  a  reverse  change,  and  only  one-slxtb  of  the  amount  poured  Into 
tbe  atmosphere  Is  retained  tliere.  It  is  true  tltat  great  variations  in  the  rela- 
tive extent  of  sea  and  land  would  affect  tbe  disaoclation  presHure  of  tbe  bicar- 
bonates  In  tbe  sea ;  but  it  would  require  a  greet  reduction  in  the  area  of  the 
sea  surface  to  affect  the  equilibrium  appreciably." 

Again,  it  is  to  be  pointed  out  that  there  in  a  iioii-coincideiic-e  of  dste- 
for  periods  of  glacial  activities.  In  accordance  with  the  well-known  law 
of  diffuBion  of  gases,  any  variation  of  the  carbon-dioxide  content  of  the 
atmosphere  should  affect  the  temperature  of  the  whole  world  simul- 
taneously, although,  as  shown  by  Arrhenius,  it  need  not  be  the  same  in 
all  latitudes;  but  it  might  be  expected  that  corresponding  Utitndee  in  th.> 
hemispheres  would  exhibit  practically  the  same  effects.  But  the  facts 
of  historical  geology  do  not  altogether  substantiate  this  supposition. 
Another  weighty  objection  ie  offered  by  the  fact  that  certain  conditions 
that  might  have  been  expected  to  influence  the  variation  of  carbon- 
dioxide  in  the  atmosphere  have  not  been  followed  by  the  glacial  activity 
the  theory  would  call  for.  For  instance,  those  periods  of  active  con- 
sumption of  carbon-dioxide,  as  marked  by  the  formation  of  great  lime- 
stone deposits,  must  have  been  supplied  from  the  atmosphere.  Amon;^ 
the  greatest  limestone-producing  periods  are  the  Mississippian,  Jurassic, 
Cretaceous,  and  Eocene ;  yet  none  of  these  was  followed  by  glacial  mani- 
festations. The  Miocene  and  Pliocene,  which  were  followed  by  pro- 
nounced glaciation,  have  far  less  of  known  limestone  or  coal  accumula- 
tion tlian  the  Pennsylvanian  or  Cretaceous,  both  of  which  are  without 
glacial  activities. 

Periods  of  intensive  vulcanism,  such  as  occurred  in  the  Devonian,  the 
Permian,  the  Upper  Cretaceous,  the  Eocene,  and  the  Oligocene,  were 
not  followed  by  marked  glacisi  activity;  yet  the  "Permo-Carboniferous" 
and  Pleistocene  glacial  epochs  were  preceded  by  vulcanism. 

'J'he  conclusion,  therefore,  seems  to  me  unavoidable  that  the  hypothesis 

postulated  on  an  increase  or  decrease  of  the  amount  of  carbon-dioxide 

in  the  atmosphere  can  not  be  r^arded  as  a  major  factor  in  controlling 

-.!„.,.■„*;-.,.      Tkot  ;t  n,ay  ijgve  at  times  been  a  minor  contributing  factor 

t  quite  probable. 

ry. — In  attempting  to  account  for  the  presence  of 
lant  remains  now  found  in  Arctic  and  8ub-.\rctic 
(Idly  asserted  by  some  writers  that  they  have  beei 
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driftwl  by  marine  currents  to  the  plac-es  where  they  now  are.  It  U 
of  course  well  known  that  seeds  and  fruits  of  various  kinds  may  be  traii(<- 
ported  vast  distances  by  ocean  currents,  and  deep  dredging  by  Agassi.! 
and  others  o9  the  American  coasts  has  disclosed  the  presence  on  the  aea 
bottom  of  plant  debris,  snch  as  wood,  branches,  leaves,  and  seeds  in 
various  stages  of  decay.  In  some  instances  these  remains  were  fairly 
abundant  at  a  distance  of  1,100  to  1,200  kilometers  from  shore,  which 
corresponds  to  about  10  degrees  of  latitude. 

But  the  plants  in  the  Arctic  regions  fall  within  a  quite  difFerent 
category,  as  they  exhibit  unmistakable  evidence  of  having  been  deposited 
in  fresh  water.  Nathorst"  has  recently  published  a  paper  in  which  hs 
describes  fully  the  depositional  conditions  under  which  the  plants  were 
entombed.  The  deposits  range  in  age  from  Devonian  to  £k>cene,  and 
the  plants  occur  often  in  shales  overlying  coal  and  are  often  underlain 
bv  clays  filled  with  rootlets  and  into  which  the  plants,  roots,  and  stems, 
penetrate.  There  is  little  or  no  evidence  of  sorting  by  water,  there 
often  being  branches,  leaves  of  various  sizes,  and  fruits,  evidently  from 
the  same  tree,  all  being  in  frequent  association  with  TTnios  and  other 
fresh-water  shells.  The  matter  may  be  considered  as  settled,  that  what- 
ever the  explanation  of  the  climatic  conditions  which  permitted  their 
growth,  full  account  must  be  taken  of  the  fact  that  they  undoubtedly 
grew  at  or  very  near  the  places  where  they  are  now  buried. 

Reversal  of  deep-sea  circulation. — Some  years  ago  Prof.  T.  C.  Cham- 
berlin  **  advanced  a  proposition,  later  strongly  indorsed  by  Willis,*'  that 
the  present  deep-seated  equatorward  circulation  of  cold  oceanic  waters  is 
abnormal,  and  that  the  more  normal  condition  is  a  poleward  movement 
of  warm,  highly  saline  waters  in  the  depths  instead  of  at  the  surface. 
This  hypothesis  was  advanced  to  explain  in  perhaps  major  part  the  polar 
geniality  of  climate  that  geologic  and  paleontologic  evidence  shows  con- 
clusively to  have  occurred  again  and  again  in  the  ages  before  the  Pleis- 
tocene. Tinder  present  conditions  the  density  of  polar  waters  is  due 
primarily  to  cold,  and  this  density  may  be  increased  by  the  forcing  out 
of  salts  from  the  superficial  layers  by  freezing;  the  absence  of  large 
rivers  also  contributes  to  the  same  end.  If  the  polar  cold  could  be 
ameliorated,  obviously  these  influences  would  be  moderated.  Similarly, 
at  the  present  time  the  waters  in  the  equatorial  regions  are  evaporate*! 

"  A.  G.  XathonI :  FosbII  flotM  of  tbe  Arctic  reglonH  as  erldencr  of  geological  climate. 
Oeol.  Mag.,  new  aer..  rol.  8.  1911.  pp.  21T-3S5. 

'^  T.  C.  ChambcrUn  :  On  a  possible  rereraal  of  deep-nea  clrculallon  and  11b  Infliieiici 
on  geologic  cUmales.     Joar.  Geologr.  vol.  14.  1906,  pp.  :tm-m2. 

•Bailey  Wlllla ;  Science,  new  spr..  vol.  31.  1010,  p.  245. 
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and  warmed  and  "rendered  light  because  warm,  yet  heavy  becauw 
saline."  In  the  matter  of  actual  density  the  equatorial  waters  are  lighttT 
than  the  polar  waters,  but  the  balance  is  very  email,  "and,"  says  Willis, 
"were  the  polar  waters  leas  chilled  or  more  freshened,  or  both,  the 
equatorial  waters  would  be  heavier,  and  the  reversed  circulation  su^ested 
by  Chamberlin  must  result." 

As  thus  presented,  it  must  be  confessed  that  this  hypothesis  seems 
reasonable,  and  if  it  could  be  proved  would  be  of  weight  in  accounting 
for  the  presence  of  tropical  or  subtropical  vegetation  in  polar  lands :  but 
it  was  reserved  for  Dr.  E.  0.  Ulrich  to  point  out  its  utter  failure  to 
explain  the  occurrence  of  the  same  marine  faunas  in  the  polar  regions 
that  are  found  in  temperate  and  tropical  zones.  On  this  point  Ulrieli' 
says: 

"In  the  flrst  place  tliese  raunaN.  wltli  very  few  exceptions,  are  all  littoral  or 
near-Hhare  fannax.  and  their  migration,  whether  in  the  oceanic  or  contlnenUI 
basins,  are  almoxt  conSoed  to  the  shore  and  bottom  of  the  shallow  seas  In 
whlcli  they  thrived.  With  orRantsms  no  sensitive  as  these  to  changes  Id  tem- 
perature and  depth,  extensive  migration  under  any  but  equable  climate  and 
bathymetrlc  conditions  would  have  been  highly  Improbable,  If  not  impossible. 
As  corals  and  other  nulmalH  that  are  now  restricted  to  warm  waters  did  so 
migrate,  we  must  assume  either  that  at  such  times  mild  climates  prevailed  or 
that  In  ages  preceding  the  jiresent  these  organisms  were  not  affected  by  changes 
in  temperature — a  conclusion  altogether  repugnant  to  the  geologist.  AssraminE 
that  they  were  then  as  now  as  sensitive  to  temperature  changes,  their  fossil 
occurrence  In  all  latitudes  must  he  accepted  as  proving  at  least  occasloaal 
times  of  universally  mild  climates — that  Is,  such  conditions  prevailed  Id  at 
least  the  relatively  brief  geologic  ages  of  which  we  have  a  marine  sedimentary 
record  in  the  boreal  basins.    .    .    . 

"Now,  according  to  the  theory  of  reversed  circulation,  warm  waters  sank  in 
the  equatorial  zone  and  reappeared  at  the  surface  In  the  polar  T«gloas.  Could 
they  have  carried  the  littoral  warm'Water  faunas  with  them?  Manifestly,  uo. 
Or,  could  these  faunas  have  migrated  In  their  usual  manner  along  the  shore? 
.<galn  we  must  say  no,  since  the  hypothesis  requires  a  southward  movement 
of  cool  superficial  waters,  which  would  have  effectually  barred  shore  mler*' 
tlon."     .    .    . 

Ulrich  finally  concludes  as  follows: 

"It  becomes  questionable  then  If  reversal  of  oceanic  circulation  was  ever  to 
il  distribution.  Indeed,  we  may  go  fnirtlier  and  donbt 
occurred." 

ive  accept  this  postulate  of  a  reversal  of  ooean> 
may  it  be  presumed  to  have  on  plant  distribution? 

•f  thp  ri.[eon>ir  ■yalrms.     Bun,  G«il.  Soc.  Am.,  vol.  22.  ISll. 
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It  might  to  a  certain  extent  facilitate  the  equatorward  migration  of 
lloras  that  originated  within  polar  circles,  but  wonld  it  not  soon  erect  a 
cold,  perhaps  impassable  barrier  in  middle  latitudes?  That  is,  if  ths 
waters  were  warmed  in  the  equatorial  region  and  sank  to  the  bottom  to 
(.'merge  in  polar  areas,  they  would  begin  to  flow  equatorward,  gradually- 
losing  heat  until  somewhere  in  middle  latitudes,  and  before  they  again 
came  under  the  warming  influences  of  the  equatorial  region  there  would 
be  a  point  of  maximum  cold.  Thus  ae  a  bar  to  the  free  interchange  of 
floras  between  opposite  high  latitudes,  such  ae  undoubtedly  occurred^ 
there  would  be  erected  three  barriers,  two  cold  areas  in  opposite  middle 
latitudes,  separated  by  a  warm  area  in  the  equatorial  region. 

The  ascertained  facts  of  plant  distribution  will  not  tolerate  any  such 
interpretation,  and  therefore  it  is  much  to  be  doubted  that  such  reversal 
liid  or  could  have  taken  place. 

There  is  also  another  point  that  may  be  urged  against  this  theory  of 
reversed  circulation.  The  terms  of  this  hypothesis  call  for  a  heating 
area  in  the  equatorial  region,  and  this  in  turn  implies  a  solar  control  oi 
terrestrial  temperatures  similar* to  that  now  obtaining.  As  already 
pointed  out  again  and  again,  this  could  only  result  in  a  zonal  distribu- 
tion of  temperatures  which  would  seemingly  nullify  the  ameliorating 
effect  that  might  be  brought  about  by  warm  waters  rising  within  tbtt 
polar  circles. 

Volcanic  dust  as  a  climatic  factor. — Benjamin  Franklin  was  one  of 
the  first,  perhaps  the  first,  to  call  attention  to  the  possibility  of  volcanic 
dust  as  a  factor  in  the  production  of  climatic  changes.  It  seems  that 
during  the  summer  of  1T83  there  was  a  constant  fog  over  all  of  Europe 
and  most  of  North  America,  and  the  winter  of  l'i'83-84  was  unusually 
severe.  He  noted  that  Hecla,  in  Iceland,  and  adjacent  volcanoes  were 
in  active  eruption,  and  suggested  this  as  a  possible  cause  of  the  cloudiness- 
sad  hence  of  the  lowered  temperature. 

It  is  only  in  recent  years,  however,  that  accurate  observational  data 
have  been  available  on  which  to  base  a  dependable  conclusion  as  to  the 
possible  eftect  of  volcanic  dust  particles  in  the  upper  air  in  shotting  off 
the  sun's  rays.  W.  J.  Humpkreys  *'  especially  has  published  several 
papers  on  this  subject.  It  is  now  possible  to  measurethe  size  of  volcanic 
iliist  particles  with  reasonable  accuracy  and  to  determine  their  time  of 
fall.  He  states  that  in  middle  latitudes  the  temperature  of  the  atmos- 
phere becomes  substantially  constant  at  an  average  elevation  of  about  1^ 
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kilometers  (36,000  feet).  "This  is,  therefore,  the  upper  limit  of  distinct 
vertical  convection  and  of  cloud  formation." 

All  dust,  from  whatever  source,  is  quickly  washed  out  of  the  lower  or 
cloud  region  by  rain  or  snow,  but  such  as  may  happen  to  reach  the  upper 
or  isothermal  region  of  the  atmosphere  continues  to  drift  there  until  it  i> 
brought  down  by  gravity  to  the  level  of  passing  storme.  In  accordance 
with  recently  made  measurements  on  the  terminal  velocity  of  falling 
globules,  it  appears  that  it  may  take  from  one  to  four  or  more  yearx 
before  these  dust  particles  return  to  the  earth.  In  the  meantime  they 
drift  out  from  whatever  source  into  a  thin  veil,  "covering  perhaps  thi; 
entire  earth." 

With  these  data  it  is  possible  to  calculate  the  comparative  action  oi 
volcanic  dust  on  terrestrial  and  on  solar  radiations.  According  tu 
Humphreys,  it  is  "roughly  tbirtyfotd  more  effective  in  shutting  solar 
radiation  out  than  it  is  in  holding  terrestrial  radiation  in.  Therefore,  a 
veil  of  volcanic  dust  must  produce  in  inverse  greenhouse  effect,  and,  if 
long  continued,  should  perceptibly  lower  an  average  temperature."  He 
concludes  as  follows  :  | 

"From  the  above  It  appears  quite  certain  tbat  volcanic  dust  can  lower  the 
average  temperature  of  the  earth  h;  an  amount  that  depends  on  tbe  iiuantlt; 
and  duration  of  the  dust,  and  that  it  repeatedly  has  lowered  It  certainly  from 
1°  F.  to  2°  P.  for  periods  of  from  a  few  months  to  fully  three  years." 

Humphreys  gives  a  list  of  the  most  noted  volcanic  eruptions  from  175U 
to  1912,  and,  so  far  as  can  be  gathered  from  the  often  meager  historical 
data,  each,  with  a  single  exception,  was  followed  by  a  markedly  co!d 
period. 

In  the  summer  of  1912  Abbot  and  Fowle*'  conducted  a  series  of  ob- 
servations at  Bassour,  Algeria,  and  at  Mount  Wilson,  California,  on  the 
effect  on  solar  radiation  of  the  volcanic  dust  believed  to  have  been  derivi-^l 
from  the  eruption  of  Mount  Katmai,  Alaska,  in  the  early  part  of  June, 
1912.  The  haziness  due  to  this  cause  was  first  noted  in  Algeria  on 
June  19  and  at  Mount  Wilson  on  June  21,  and  continued  for  more  than 
tlirpp  mnntliH.  whpn  the  observations  terminated.  These  authors  con- 
c  dust  decreased  the  heat  available  to  warm 
t  of  the  solar  constant  of  radiation.     T)i<'\ 


t  so  great  a  decrease  as  this  should  continue 
lire  recorded  at  meteorolof^eal  Rtattnnx  would 
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tberebr  be  lowered  by  about  7°  C  But  It  Is  not  certain  that  tbe  effect  of  tbis 
conalderable  diminution  of  beat  was  not  counteracted  by  some  change  In  tbe 
average  clondlneaa,  or  in  tbe  nocturnal  radiation  of  tbe  earth  to  space.  It  is 
concelTable  that  tlie  cloud  of  haze  prevented  the  escape  of  radiation  of  the 
earth  to  space  in  the  same  manner  that  it  prevented  the  incomJuK  of  radiation 
from  tbe  son  to  the  earth,  so  that  the  decrease  of  heat  available  to  warm  the 
eartb  maj  have  been  in  part  or  In  whole  compensated  by  a  decrease  In  tbe 
rate  of  escape  of  heat  from  the  earth,  owing  to  the  presence  of  the  base." 

Although  further  and  perhaps  more  exact  obeervatiooal  data  maj'  be 
required  to  determiue  accurately  the  several  factors  involved,  it  appears 
to  have  been  demonstrated  with  a  remarkable  degree  of  certainty  that  the 
presence  of  a  veil  of  volcanic  dust  in  the  higher  atmosphere  may  have  an 
appreciable  effect  in  decreasing  solar  radiation,  and  hence  in  reducing 
the  amount  of  the  sun's  heat  that  reaches  the  earth.  From  the  historical 
record,  which  covers  only  abont  150  years,  it  appears  that  prartiially 
all  considerable  volcanic  eruptions  have  been  followed  by  cold  or  cooler 
temperatures.  It  is  therefore  assumed  that  the  action  was  similar  ia 
past  geologic  ages;  but  whether  it  is  now  or  has  ever  been  sufficient 
to  initiate  glaciation  may  well  be  doubted,  thoTigh  it  may  well  enough 
have  been  a  minor  contributing  factor. 


It  appears  to  be  the  conviction  of  many  geologists  that  the  world-wide 
mild  climates  of  earlier  geologic  ages,  together  with  middle  latitude  gla- 
ciation, etcetera,  may  have  resulted  from  the  combination  of  a  number 
of  local  factors  rather  than  from  a  single  compelling  canse.  For  ex- 
ample, Barrell  writes  me  as  follows : 

"I  am  inclined  to  think  that  a  number  of  fundamental  factors  have  been 
lnvolve<I,  The  earth  now  has  a  very  pronounced  relief  with  high  mountain 
ranges  and  lack  of  shallow  seas.  The  high  mountain  raoges  comb  out  the 
moisture  from  tbe  air.  L«ss  moisture  means  cold  continental  climates.  Gen- 
eral coldness  reduces  evaporation  and  the  smaller  water  area  also  results  in 
leas  evaporation.  In  former  ages  a  greater  evaporation  area  and  lesser  moun- 
tains would  result  in  far  higher  normal  humidity  for  the  whole  earth.  Rain 
would  result  from  a  greater  degree  of  supersaturation,  chiefly  In  higher  lati- 
tudes, and  its  precipitation  would  tend  to  keep  tbe  temperature  high  by  giving 
up  the  latent  heat  of  the  water  vapor.  Warm  waters  and  cloudy  skies  would 
aid  in  giving  a  winter  mildness  of  climate.  We  have  that  now  prevailing  In 
western  Ireland,  western  Patagonia,  and  certain  other  regions  with  latitude 
over  S0°.  The  mildness  and  molstness  of  climate  permit  in  both  of  those  very 
rainy  regions  extreme  loiurlance  of  vegetation.  To  account  for  mild  polar 
climates  these  conditions  would  have  to  be  more  wide-spread  and  reach  30" 
farther  from  the  equator.    The  results  would  he  helped  out  by  a  perpetual 
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cloud  mantle  tlirongb  the  winter  over  such  talgb  laUtndee  resnltliig  from  the 
air  being  colder  than  tbe  water." 

Barrell  also  thinkB  that  the  problem  is  made  easier  of  solution  if  there 
can  be  found  evidence  of  the  truth  of  the  reversal  of  deep  oceanic  circu- 
lation, but  certain  of  the  facts  that  seem  to  offer  a  fatal  objection  to  this 
view  have  already  been  presented  (page  5S9), 

To  return  for  a  moment  to  the  views  expressed  by  Barreil :  It  is  easy 
to  believe  that  with  a  low  land-mase  and  broad,  shallow,  epicontinental 
seas  the  temperature  would  be  somewhat  raised,  thus  inducing  greater 
evaporation,  greater  cloud  formation  and  rainfall,  and  in  the  end  a 
milder,  more  equable  climate ;  but  it  eeems  to  me  difficult  to  believe  that 
this  would  be  of  sufficient  importance  and  magnitude  to  account  for  the 
varied  phenomena  that  must  be  explained,  especially  as  it  appears  to  be 
predicated  on  the  currently  accepted  theory  of  solar  control  of  earth  tem- 
perature. The  equable  moist  climates  of  the  regions  cited,  Ireland  and 
Patagonia,  must  in  part  be  due  to  topographic  conditions  and  in  part  to 
ocean  currents,  and  any  attempt  at  a  poleward  extension  of  these  condi- 
tions to  cover  the  30  degrees  between  these  localities  and  the  poles  would 
seem  to  present  insuperable  difficulties,  especially  when  we  consider  the 
vast  eons  of  time  that  must  be  accounted  for  in  the  ages  before  the  Pleis- 
tocene. Therefore,  it  seems  to  me  highly  improbable  that  the  factors 
called  into  play  could  have  been  of  sufficient  magnitude  to  have  caused 
and  maintained  polar  geniality,  such  as  happened  again  and  again.  Still 
less  does  it  seem  that  they  could  account  for  sealevel  glaciation  in  middle 
and  equatorial  latitudes  such  as  that  of  the  "Permo-Carboniferons," 

SrilMAUY    ANT)   CONCLUSION'S 

Now  we  have  come  to  the  point  where  it  is  proper  to  ask  what  progres.*, 
if  any,  we  can  presume  to  have  made  toward  a  solution  of  the  several 
problems  connecte<l  with  the  study  of  geologic  climates.  The  varion.*- 
hypotheses  and  theories  have  been  passed  in  a  more  or  less  critical  review, 
and  it  is  believed  that  a  certain  amount  of  chaff  has  been  cleared  away, 
thus  laying  a  possible  foundation  for  an  acceptable  explanation:  but 
probably  it  would  be  altogether  too  much  to  claim  that  any  hypothesis 
has  been  so  far  advanced  that  it  is  likely  to  receive  universal  acceptance. 
Barrell,  when  confronted  by  a  somewhat  similar  interrt^tion,  states 
flatly  that  "the  depths  of  geologic  time  leave  us  face  to  face  with  the 
unknown." 

To  my  mind,  however,  the  case  does  not  seem  quite  so  hopeless.  The 
fact^i  that  have  lieen  ])resented  regarding  the  warm  oceans  of  much  if  not 
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all  of  recorded  pre- Pleistocene  time  seem  to  me  to  preeent  a  very  strong 
presumptive  case  for  a  source  of  heat  supplied  by  the  earth  itself.  I  am, 
of  course,  perfectly  well  aware  that  this  view  is  counter  to  the  pronounce- 
ment of  the  physiciste  and  mathematicians,  who  are  very  emphatic  in 
their  opinion  that  the  earth  could  never  have  supplied  more  than  a  small 
increment  of  the  heat  that  is  obviously  called  for.  On  the  other  hand,  it 
seems  to  me  absolutely  impossible,  from  the  data  as  presented  in  the  fore- 
going pages,  that  the  sun  could  have  supplied  the  heat  requisite  to  warm 
the  early  oceans.  We  are  told  that  at  the  present  time  the  sun  supplies 
more  than  3,000  times  aa  much  heat  as  is  supplied  by  the  earth  itself; 
yet  since  Pleistocene  time,  when  the  present  system  of  solar  control  is 
believed  to  have  been  established,  it  has  not  been  able  to  warm  the  oceans 
as  they  were  certainly  wanned  in  pre- Pleistocene  time.  Furthermore, 
solar  control  is  fatal  to  non-zonal  climates,  polar  geniality,  and  tropical 
or  subtropical  glaciation.  If  the  sun  was  the  dominant  factor  in  main- 
taining temperatures  on  the  earth  during  all  recorded  geologic  time,  how 
or  why  did  it  fail  in  Pleistocene  time  ?  I  can  not  escape  the  conviction 
that  more  weight  mnst  be  attached  to  the  contention  that  the  earth  itself 
has  supplied  a  greater  amount  of  heat  than  is  now  admitted  to  be  possi- 
ble. I  do  not  see  how  the  ascertained  facts  can  otherwise  be  explained. 
AVhether  this  heat  came  from  the  original  earth  heat,  or  from  some  aug- 
mentod  form  of  radioactivity,  or  from  a  combination  of  both  sources,  I 
am  not  prepared  to  say.  If  the  mathematicians  and  physicists  had  al- 
ways been  right  in  their  pronouncements  on  earth  history,  we  might  have 
more  faith;  but,  to  mention  only  one  recent  instance,  after  the  experience 
in  the  fallibility  of  these  arguments  in  determining  the  age  of  the  earth, 
which  has  been  so  completely  upset  by  the  newly  discovered  factor  of 
radioactivity,  it  is  at  least  unwise  or  unsafe  to  put  a  too  rigid  dependence 
on  them.    As  Huxley  once  said : 

"Mattaemattot  may  be  compared  to  a  milt  of  esqulaite  workmanahlp,  which 
grinds  xou  stuff  of  any  degree  of  fineness ;  but  oevertheless  what  you  get  out 
depends  upon  what  you  put  In;  and  as  the  finest  mill  Id  the  world  will  not 
estract  wheat-flour  from  peaHCodR,  so  pages  of  formuire  will  not  get  a  definite 
result  out  of  loose  data." 

Therefore,  it  seems  to  me  to  be  well  within  the  limit  of  possibility  that 
there  may  be  factors  in  this  problem  of  earth  heat  that  are  not  properly 
evaluated  or  are  unsuspected  or  undetected  which  may  vitiate  or  modify 
previous  results. 
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The  Coal  Measures  are  found  in  Allegany  and  Garrett  countdes,  Marv- 
land,  sltnated  in  the  western  part  of  the  State,  where  they  underlie  a 
large  part  of  tiie  region  between  the  Alleghany  front  and  the  West  Vir- 
ginia-Maiylond  State  line.  The  strata  occupy  three  major  stmctnrsl 
troughs  whose  axes  trend  nortbeaet-sonthwest,  parallel  to  the  tread  of 
the  mountains.  The  most  westerly  trough  is  called  tiie  Lower  Youghio- 
gheny,  or  Friendsville,  basin.  The  middle  baein  is  divided  into  two  parts 
by  a  transverBe  minor  anticline,  thus  forming  the  Upper  Youghiogheny 
basin  on  the  southwest  and  the  Caatleman  basin  on  the  northeast  THe 
eastern  trough  is  cut  into  two  parts  by  the  Potomac  Biver,  which  turns 
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across  it  at  Piedmont,  the  gonthem  extenaioa  of  the  basin  being  knovn 
as  the  Upper  Potomac  basin  and  the  northeastern  ae  the  Georges  Creek 
basin.  The  relations  of  these  basins  are  shown  in  the  accompanying  map. 
The  investigation  of  the  area  under  consideration  presents  many  diffi- 
culties. Its  surface  is  mountainous  and  much  of  it  is  heavily  forested. 
The  rocks  have  steep  dips  and  are  buried  at  many  places  under  deep 
overwash.  Much  of  the  region  is  little  dissected.  Trustworthy  drill 
records  were  entirely  lacking  in  the  chief  coal-producing  area,  tiie 
Georges  Creek  basin,  when  this  investigation  was  undertaken. 


FiaCBK  1. — Jfap  of  tfta  Coal  Batttu  of  Maryland 
EABLIBR  INVgariaiTION 

The  Coal  Measures  of  Maryland  have  been  studied  in  greater  or  less 
detail  by  many  able  and  talentfid  geologists  in  the  past,  including 
Tyson,  I.  C.  White,  Darton,  Taft,  Prosser,  O'Harra,  Clark,  Martin. 
Stose,  and  various  members  of  the  Maryland  Geological  Survey.  The 
coal  beds  have  also  been  examined  by  mining  engineers  who  have  been 
associated  with  the  various  ooal  companies  of  the  State.  The  author? 
feel  that  conclusions  which  dilTer  from  those  obtained  by  such  ablt: 
workers  should  be  presented  with  great  reBerve. 
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PBUBENT  11/VK8T1&AT10S 

The  senior  author  began  the  study  in  order  to  rectify  simply  a  {ev 
minor  details,  but  Boon  became  convinced  that  the  problem  demanded 
fundamental  investigation.  He  accordingly  invited  Dr.  W.  A.  Price, 
Jr.,  and  Dr.  Harvey  BasBler  to  assist  him  in  the  work,  and  feels  very 
fortunate  in  enjoying  their  cooperation.  Dr.  Price  has  made  a  critical 
study  of  the  marine  faunas  of  the  Carboniferous  of  Maryland  and 
adjoining  areas  and  Dr.  Bassler  is  engaged  in  the  monographic  stud? 
of  the  Carboniferous  flora  of  the  State.  A  brief  synopsis  only  of  thi 
results  obtained  will  be  given  at  this  place,  awaiting  fuller  presentation 
in  a  forthcoming  monograph  upon  the  Carboniferous  of  Maryland  whicli 
will  be  published  by  the  Geological  Survey  of  Maryland. 

Dr.  Price  has  contributed  the  study  of  the  faunae  upon  which  the 
correlations  so  largely  rest.  Dr.  Bassler  has  given  valuable  data  for 
the  determination  of  the  Pottsville-Allegheny  boundary  derived  from 
the  study  of  the  flora.  Both  of  these  workers  have  cooperated  witli 
the  senior  author  in  the  examination  and  measurement  of  many  sei- 
tions.  The  senior  author  is  responsible  for  the  etratigraphic  results 
and  the  general  interpretation  of  the  relations  here  presented. 

Part   I.  Stratiqraphy   of   the   Coal   Meabores,   by    Charles  K- 

SWAHTZ  * 
IN  OENBRAL 

It  will  suffice  for  the  purposes  of  this  discussion  to  give  simpiy  an 
annotated  columnar  section  of  the  Coal  Measures  of  Maryland.  Sint!'? 
the  most  complete  section  is  observed  in  the  Georges  Creek  hasin.  Hid 
sequence  of  strata  there  found  will  be  described,  reserving  a  fuller  dis- 
cussion of  the  stratigraphy  of  the  Coal  Measures  of  Maryland  for  a 
subsequent  publication.' 

The  Coal  Measures  of  Maryland  conform  to  the  following  divisions:' 
Permian  System 
Dunfeard  Series. 

Carboniferous  System 
Pennsjlvanlaa  {Upper  Carboniferous)  division. 


■Tbe  Ideotlflcatlon  of  the  faimaB  1B  by  W.  ArmatraDg  Price. 

■Tbe  Dew  meinberB  of  (be  CoftI  Measiirea  of  Maryland  llsKd  In  tblB  paper  wlrl  be 
deacrlbed  la  a  report  od  tbe  Coal  Measuren  of  Uarrland  Bbortly  to  be  publlahed  ij  tlir 
Maryland  Geological  Survey. 

"n  descending  order. 
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Mi>notiK«bel«  fonunltoii. 
Conemsugb  lonnatloii. 
Allegheny  foFiuHtloQ, 
Pottevllle  formation. 
Unconformity. 

POTT8VILLB  FORMAT  SOU 

Character  and  thickness. — The  Pottsville  formation  of  Maryland  coi>- 
slsts  of  massive  sandstones  and  conglomerates  interbedded  with  shales 
and  lenticular  beds  of  coal.  The  lower  beds  are  locally  absent,  owin^ 
to  the  pronounced  unconformity  that  limits  it  below.  The  entire  formn- 
tion  thickens  eonthwestward  by  the  successive  appearance  of  lower  and 
lower  beds  in  that  direction. 

The  upper  limit  of  the  Pottsville  is  questionable.  If  the  lithologiciil 
character  of  the  sediments  be  the  determining  factor,  then  the  Kount 
Savage  sandstone,  and  perhaps  also  the  Westernport  sandstone,  should 
be  referred  to  the  Pottsville  formation,  since  they  resemble  the  sedi- 
ments of  the  latter  formation.  If  the  fossil  flora  be  the  determining 
criterion,  then,  according  to  the  work  of  Harvey  Bassler,  the  base  of  the 
AU^heny  formation  must  be  drawn  beneath  the  lower  Mount  Savagi- 
coal,  as  has  been  done  in  this  work. 

As  thus  defined,  the  thickness  of  the  Pottsville  formation  in  Marylaml 
varies  from  100  to  250  feet. 

Members. — It  comprises  the  following  members  in  descending  order: 

Honwwood  sandstone — Sampson  Rock  sandHtone.  Thick  and  mas- 
rIyp  sandstone,  locally  ntUKlomeratlc.  Well  exposed  nt  Samp- 
son Rock  west  of  Frostburg. 

Upper  Mercer  shale  and  fauna. 

Upper  Meroer  coal — local. 

Lower  Merest  coal — local. 

Upper  ConnoqueueBslng  sandstone. 

Quakertown  shale  and  fauna. 

Quakertown  coal. 

I^wer  ConnocineneHsing  Mindstone. 

Stiaron  coal — local. 
Unconformity. 

Underlying  formBtluu^Mauch  Chunk  red  shale. 

Faunas. — A  conspicuous  feature  of  the  section  is  the  occurrence  of 
two  brackish  waf«r  faunas,  which  have  been  termed  the  Upper  Mercer 
and  Quakertown  faunas  in  the  preceding  table.  The  Upper  Mercer  fauna 
is  meager  and  has  been  observed  at  but  few  localities.  The  Quakertown 
'suns  is  more  persistent  and  has  been  recognized  toward  the  southwest 
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in  West  Virginia.  It  was  described  as  the  Qoakertova  fauns  b;  Beger 
in  his  report  upon  the  geology  of  Barbour,  Upslmr,  and  western  Bandolph 
Counties,  West  Virginia.' 

ALLBQHSSY  FORMATION 

Oharacter  and  thickness. — The  Allegheny  fonnatlon  consists  of  inter- 
bedded  shale  and  sandstone  and  bears  a  number  of  important  seams  of 
coaL  Its  lower  beds  are  like  those  of  the  Pottsville  formation,  ffith 
which  they  might  well  be  united  lithologically.  They  contain,  however, 
an  abundant  flora  which  shows  that  they  are  of  Allegheny  age.  The 
thickness  of  the  formation  varies  from  240  to  2Tfi  feet. 

Members. — It  contains  the  following  members  in  descending  order: 

Upper  FreeiKtrt  coal — Davis  coal. 

Bolivar  areclay. 

Tipper  Freeport  eandstone. 

r^wer  Freeport  coal— Barrel vlUe  eoal. 

Montell  sandstone. 

Moutell  rider  coal. 

Upper  Klttatming  ("lower  Freeport")   coal — Montell  coal. 

Uttle  MonteU  coal— local. 

Mount  Savage  Iroii  ore — JobDstown  Iron  ore  ? 

Hardman  flreday   ("Furnace  clay"). 

Plner  Hotmtaln  coal. 

Westempott  sandstone. 

Middle  Klt(anniti£  coal — Lake  coal. 

Middle  Klttanning  clay — Luke  clay. 

EllersUe  sandstone. 

Lower  Klttannlug  coal— Bllerslle  coal. 

r»wer  Kittannlng  fireclay — Gllerslie  fireclay. 

Mount  Savage  sandstonv. 

Scrutv«raBs  coal   ? — Upper  Mount  Savage  rider  coal. 

Clarion  coal    ? — Upper  Mount  Savage  coal. 

Clarion  fireclay  ? — Mount  Savage  fireclay. 

Itrookvllle  coal  ?— Lower  Mount  Savage  coal. 

The  correlation  indicated  in  the  above  list  differs  from  that  fonuerlv 
used  in  the  Georges  Creek  Valley,  as  shown  in  ihe  chapter  on  correlstion. 

OOI/BMAnaH  FORMATION 

Character  and  thickness. — This  formation  consists  of  interbedded 
shale,  sandstone,  limestone,  and  lenticular  coal  seams.  The  most  chir- 
acteristic  feature  of  the  Conemaugh  of  Maryland  is  the  presence  of  red 
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beds,  which  discriminate  it  from  the  Allegheny,  and  of  marine  lime- 
stones, vhich  eeparat«  it  from  the  Monortgahela  fonnatton.  Its  numer- 
ous coal  seams  are  also  more  lenticular  and  lees  persistent  than  thoee  of 
the  formations  mentioned. 

The  Conemangh  formation  attains  a  thickness  of  900  feet  in  the 
Georges  Creek  Valley. 

Members. — It  contains  the  following  members  in  descending  order: 

Morantown  coal—spilt  from  base  of  Pittsburgh  coat. 

Upper  Plttaburgb  limestone. 

TA>weT  Pittsburgh  atandstone. 

Little  Pittsburgh  coal. 

Lower  Pittsburgh  llmestane. 

Second  Little  Plttahurgh  coal. 

ConnelsTllle  sandstone. 

Franklin  rider  coel. 

Franklin  coal    ("Dirty  Ntnefoot"  coall. 

lAoacontng  sandstone. 

Upper  and  Lower  benches  of  LoDaconlog  coa). 

Hoffman  sandstone. 

Upper  and  Middle  Hoffman  coals. 

Hotfinan  limestone. 

Lower  Hoffman  coal. 

Clarysrllle  sandstone. 

Upper  bench  of  Clarksburg  limestone. 

Upper  and  Lower  Glaryavllte  coats. 

Lower  bench  of  Glarksbnrg  limestone. 

Horgantown  sandstone — maBsfve,  locally  conglomeratic. 

Wellersburg  rider  coal. 

Wellersbnrg  coal — Twin   coal. 

Barton  rider  coal. 

Barton  sandstone. 

Barton  coal  ("Elk  Uck"  coal). 

Barton  limestone. 

Upper  Grafton  sandstone — massive. 

Federal  Hill  coal. 

r/>wer  Orafton  sandstone. 

Upper  Ames  limestone  and  fauna. 

Harlem  rider  coal. 

Lower  Ames  limestone,  shale,  and  faana. 

Harlem  coal. 

Rwlng  limestone.' 

Pittsburgh  red  shale. 

Sallsburg  sandstone — massive,  locally  conglomeratic. 

•ThU  ■■  called  the  Ewing  llmMtone  Id  the  rvporta  o(  thg  Wrat  VIrslDia  OeoloflMl 
Surrer.  AMordlng  to  Condlt  (Bull.  IT,  Ohio  OcoL  Surrey,  1912,  p.  ST),  th*  tma  Bwlns 
11iii«il«]«  llei  bdoto  tba  Pltttburgb  red  ibtie.  _ 
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Uafnadler  coal— Upper  Bakerstown  coal. 

Albright  llmestoDe. 

FriendavlUe  black  shale  and  fauna — Cambridge  fauna  ? 

Tbomaa  coal^Lower  Bakerstown   coal. 

Heyerad&Ie  red  sbale. 


Brush  Creek  rider  coal. 
Brush  Creek  limestone,  shale,  nnd  fauna. 
Brush  Creek  coal. 
•  Irondale  llmeatone. 

Corinth  sandstone. 
Thornton  clo^,  upper  bench. 
Hahonlng  red  shale. 
Qallltshi  coal. 

Thornton  clay,  lower  bench. 
Mahoning  llmetttoue. 
Upper  Mahoning  sandstone — massive. 
Piedmont  coal. 
lA)wer  Hahoniug  sandstone — massive. 

Faunas. — Among  the  most  conspicuous  features  of  the  Conemsugh 
farmation  of  Maryland  art;  three  marine  faunas  termed  the  Bru^h  Crtvk. 
Friendaville  (Cambridge  ?),  and  Ames  in  the  above  list.  The  Bmsb 
Creek  limestone  and  shale  contain  a  rich  fauna,  including  many  CKoneif'- 
vemeuUianiis,  Bulimorpha  nitidula,  etcetera.  The  Ames  limestone  forms 
lenticular  nodules  in  black  shale,  both  shale  and  limestone  abounding  in 
fossils,  including  Amboceelia  planoconvexa,  Chonetes  granvJifer  (typical 
form),  and  Derhya  crasga.  Shells  of  these  three  species  constitute  a 
large  part  of  the  limestone  at  many  places.  Asaociated  with  them  art 
many  other  species. 

The  Friendgville  shale  hears  a  meager  fauna  (Cambridge  fauna  ?} 
in  the  Georges  Creek  Valley,  where  it  has  a  brackish  water  aspect.  It 
contains  an  increasing  number  of  marine  species  westward,  where  it 
includes  Productus  cora,  Pustula  nebraskensis,  Derbya  crassa,  etcetera. 

A  fourth  fauna  is  found  a  short  distance  above  the  Lower  Brujh 
Creek  fauna,  in  the  western  sections,  where  it  contains  Spirifer  camera- 
tus,  Chonetes  vemeuUianus,  Productus  cora,  etcetera.  It  appears  to 
occupy  the  position  of  the  Upper  Brush  Creek  fauna  of  Ohio; 

UOTiOfiOAHELA   FOBUATION 

Character  and  thiclcness. — This  formation  consists  of  interbed^eii 
shale,  sandstone,  and  limestone  and  contains  a  number  of  importani 
peams  of  coal,  including  the  great  Pittsburgh  seam.     As  defined  in  tlie 
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past,  in  Har;laad,  the  thickness  of  this  formation  is  about  350  feet.     It 
is  not  improbable  that  it  should  be  made  to  include  part  of  the  strata 
referred  to  the  overlying  Permian — a  problem  awaiting  further  inves- 
tigation. 
Members. — It  comprises  the  following  members  in  descending  order - 

WaynesbDTg  coal  7 

Waruesburg  limestone. 

Unlontown  sandBtone. 

Unlontown  coal  ? 

Benwood  limeBtone. 

Upper  Sewlckley  sandstone. 

Upper  Sewlcklej'  coal. 

Lower  Sewlckley  saodstone. 

Lower  Sewlckley  coal  ("IVaon  coal"). 

Sewlcklef  llmeatone. 

Cedarrllle  saiidstone. 

Bedstone  coal,  npper  bench. 

Redstone  sandstone. 

Redstone  coal,  lower  bench. 

Upper  Plttsburgb  sandstone. 

Plttsburgb  coal. 

The  Permian  system  is  represented  in  Maryland  by  the  Washington 
and  Green  formations,  which  are  preserved  only  in  a  few  small  areaii, 
on  the  tope  of  the  highest  hills,  where  they  are  little  exposed.  They 
are  without  commercial  coals  and  have  been  but  little  studied.  Their 
further  discussion  will  be  reserved  for  a  later  publication. 

DJBTRiaVTlON  OF 


The  following  table  contains  a  list  of  the  marine  species  found  in 
the  Coal  Measures  of  Maryland  and  gives  their  geological  range  ami 
distribution  in  other  parts  ^f  the  Appaladiian  basin.  It  is  furnishe<l 
by  W,  Armstrong  Price, 
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CoBLBKTBRATA— AnthoEoa 

Lophopkyiiutn  profundum  (Edwards 

and  Haime) 

MoixuscoiDBA — Bryozoa 

Rhombopora  Itpuiodendroides  Meek. . 

MOLLUSCOiDBA— Brachiopoda 

Lingula  carboHaria  Shumard 

Orbtculeidta missouriensis  (Shumard). 
Crania  modfiia  White  and  St.  John.  . 
Derbya  crassa  (Meek  and  Hayden) . .  . 

Chonetes  granuiifcr  Owen 

Choneles  granuiifer,  small  var 

Chtmelet  verneuilianus  Norwood  and 

Pratten 

Produclus  cora  d'Of bigny 

Produclus  perlenuis  Meek 

Produclus  semireticutatus  Martin. . 

Pustula  nebraskensis  Owen 

Puilula  symmetrica  McChesney.. 
Marginifera   wabaikensis    (Norwood 

and  Pratten) 

Rkipidomella  fiecosi  (Marcou) 

Spirifer  cameralus  Morton .  .■ 

Squamuiaria  ptrpkxa  (McChesney).  . 
Ambocalia  planoconvexa  (Shumard). . 

Composita  girtyi  Raymond 

Campoiila  subitita  (Hall) . 

MoLLUSCA — Pelecypoda 

Solenomya  anodonloides  Meek 

Soleno  mya  radiala  (Meek  and  Worthen) 

Prothyris  eUgans  Meek 

SoUnopsis  solettoides  (Geinitt). .  . 
Chcmr>mya    Uatienworlhensis    (Meek 

and  Hayden) 

Edmtmdia  gibbosa  (McCoy) 

Edmondia  ovata  Meek  and  Worthen. . 

Edptondia  refitxa  Meek 

Edmondia  scutum  Price 

Xvnila  anodonloides  Meek 

(o  parva  McChtsney 

acomilo  laffiana  Girty 

araia  (Hall) , 

a  propingua  Meek 

lelodon  obsoletui  (Meek) 

lipinna  americana  Meek 

Hpinna  itehraskensis  Beede 
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Myalina  swiiiowi  McChesner 

A  viculipeclm  nucoyilSeekaitd  Hayden . 
AvictUiptcleH   prUitcidut   Meek   and 

AvictdipecUn  recMaUrariui  (Cox) 

AcanlhoptcttH  carbonifenu  (Stevens), 

Astarldta  amcentriea  (Conrad) 

PUuropkoTetta  papiUota  Girty 

dtntalii  Meek  and  Hayden 

MoLLUSCA—  Gastropoda 

PUvroUrmana     (Orestes)     inltrUxIa 

Euphemui  carbonarius  (Coi) 

Buiimorpka  nUidida  (Meek  and  Wor- 
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Spkarodoma  pHmogenia  (Conrad).  .  . . 

ZygopUura  fiicala  (Whitfield) 

Zytopteum  scilula  (Meek  and  Wor- 
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Zygof^ra  spno^.y.. 
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MoLLUSCA— Cephalopoda 

1 

Pseudorlkeuratknoxense  (McChesney ) 
Tainoaras  occtdenlaiis  (Swallow)    ... 

; 

Metacoaras  pereUgaiu,  var.  nov 

Melacotaras  tcuiptilU.  var.  nov 

Arthkopoda— Trilobata 
CriffithuUs  sangamon^sis  (Meek  and 

1 

Part  II.  Correlation  ok  tub  Coal  Measi-res,  by  Charles  K. 

SWAHTZ,   W.    ARUSTROtrO  "PbICE,    AND   HaHVEY   BaSSLEB 
METHOD  OF  CORRELATIOS 

Criteria  employed. — The  correlation  of  the  Coal  Measures  of  MarylauJ 
with  those  of  other  areas  appears  to  have  been  based  in  large  degree,  in 
the  past,  upon  three  asaumptions,  namely,  the  constancy  of  interval^ 
between  coals,  the  persistence  of  coa!  structures,  and  the  persistence  of 
the  lithological  features  of  the  strata,  other  than  coals,  over  large  areas. 
That  these  assumptions  are  not  trustworthy,  when  unsupported  by  pali'- 
ontological  and  other  evidence,  is  readily  seen  when  we  compare  tli- 
relative  uniformity  ot  marine  sediments  with  the  variability  of  conti 
nental  deposits. 
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Marine  deposita,  as  is  well  kDown,  are  accumulated  under  much  nioru 
uniform  conditions  than  continental  depoetta,  and  hence  are  much  more 
constant  in  composition  and  thickness  than  the  latter,  which,  in  com- 
parison to  them,  possess  a  high  degree  of  variability.  As  shown  by 
many  cases,  the  assumption  of  constancy  of  intervals  between  marine 
sediments  would  be  ontruetworthy  in  regions  as  remote  as  western  Penn- 
sylrania  and  Maryland  without  independent  evidence.  The  assumption 
iif  constancy  of  interval  between  land  sediments  manifestly  needs  still 
more  evidence. 

The  assumption  of  constancy  of  structure  of  coal  seams  is  practically 
the  affirmation  of  the  constancy  of  physical  conditions  over  large  arem 
and  is  open  to  attU  greater  objections.  The  authors  would,  indeei], 
question  the  continuity  of  many  coal  seams  over  such  areas.  Other 
types  of  sediments  are  even  more  variable  than  coals. 

However  valuable  these  criteria  are  within  short  distances,  they  arc 
evidently  insufficient  when  employed  over  great  distances  unless  fortified 
by  more  cogent  considerations.  The  authors  have,  therefore,  sought  to 
correlate  the  strata  by  means  of  their  contained  organisms,  aided  by  the 
consideration  of  lithology,  coal  stmctares,  systematic  variations  of  inter- 
vals, sequence  of  deposits,  and  physical  conditions  of  sedimentation. 

This  study  has  led  to  the  recognition  of  a  critical  series  of  strata 
which  can  be  distinguished  by  these  criteria,  and  hence  can  be  traced 
throughout  large  areas  in  the  northern  Appalachian  coal  fields.  They 
furnish  the  key  to  the  correUtion  of  the  middle  Coal  Measures  in  the 
area  under  consideration. 

Character  of  the  critical  series  of  the  Lower  Conemaugh. — ^The  critical 
series  of  beds  is  found  in  the  lower  part  of  the  Conemaugh  formation  and 
is  characterized  as  follows : 

Faunas. — It  embraces  four  horizons  bearing  marine  faunas,  named  in 
descending  order : 

Top. 

Anen  Ituestone  and  fflunti. 

PorlersTllle  limestone  and  fnuna. 

Cambridge  limestone  and  fauna. 

Bnisb  Cre<<k  limestone  and  faunn. 
Bottom. 

The  Ames  limestone,  the  upper  member  of  the  series,  forms  lenticular 
beds  of  limestone  or  occurs  as  discontinuous  limestone  nodules  in  a  dark, 
fossiiiferous  shale.  It  bears  a  profuse  fauna  which  is  characterized  by 
containing  great  numbers  of  Amboccelta  pJanoconvexa,  Chonetes  granu- 
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lifer,  typical  forms,  aod  Dcrbya  orasia,  associated  with  which  are  many 
other  species.  Amboccelia  planoconvexa  is  very  abondant,  its  shells  con- 
stitutiDg;  a  large  part  of  the  limestone  at  many  localltiee.  It  is  abseut 
or  of  rare  occuireace  in  the  Bmsh  Creek  limestone  at  most  localities 
east  of  Ohio.     The  Ames  limestone  is  doable  at  many  places. 

The  Fortersville  fauna  U  meager  and  not  well  characterized.  It  k 
little  known  east  of  Ohio. 

The  Cambridge  fauna,  though  richer  and  much  more  widely  eitended 
than  the  Port«reville,  is  less  profuse  and  apparently  not  so  widely  dis- 
tributed as  the  Ames  and  Brush  Creek  faunas.  It  consists  of  marliie 
species  in  the  weatem  sections,  but  is  more  meager  eastward,  where  it  is 
mingled  with  brackish  water  forms.  In  the  Georges  Creek  basin  it 
appears  to  be  replaced  entirely  by  brackish  water  species. 

The  Brush  Creek  fauna  is  characterized  by  the  presence  of  many 
Chonetes  vemeuilianas  associated  with  other  distinctive  though  !&? 
abundant  species  and  by  the  absence  of  Amboealia  planoconvexa ''  and 
the  typical  form  of  Chonetes  granviifer  at  meet  localities  east  of  Ohio. 
The  fauna  is  abundant,  though  less  profuse  on  the  whole  than  the  Ame^. 
Like  the  Portersville  and  Cambridge,  it  is  more  meager  eastward,  fol- 
lowing the  apparent  rule  that  more  abundant  faunas  extend  farther 
east 

The  Brush  Greek  limestone,  like  the  Ames,  is  found  in  a  lower  and 
upper  division  in  many  places. 

Lithology, — ^The  beds  of  this  series  may  also  be  recognized  by  their 
lithological  sequence,  systematically  varying  intervals,  and  the  rela- 
tions they  sustain  to  the  faunas  over  great  areas.  They  comprise  the  fol- 
lowing members  in  descending  order: 

Top. 

...  ,  ,  (Upper  division. 

Ames  limestone  and  fauna,'  .,  ,  , 

j  I^wer  division. 

Harlem  coal. 

Ewlng  llmeatone. 

Pittsburgh  red  shale. 

Saltsburg  sandstone. 

Portervllle  limestone  and  fauna  (western  sections). 

Coal. 

Cambridge  red  beds. 

Cambridge  limestone  and  fauna. 


'  Ambooatla  planocomexa  H  cited  bf  Condlt 
Creek  ol  Oblo.     It  li,  bowFver.  o(  i 
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Coal. 

Meyersdale  red  beda. 

Buffalo  sandstone. 

,.      ^  „      ^  „       ,  ,   .  (Upper  division. 

Braoh  Creek  limestone  and  faune.>  ^,  ,  . 

)  Lower  division. 

Brnsb  Greek  coal. 


ThickuesB. — The  interval  between  the  Harlem  and  the  Brush  Creek 
coal  varies  from  146  feet  in  Ohio  to  260  feet  in  Pennsylvania  antl 
Uaryland. 

Underljing  beds. — Another  persiatent  aeries  of  beds  is  found  below 
the  Bmah  Creek  coal,  which  may  be  recognized  by  its  relation  to  the 
overlying  strata  throughout  a  large  area  in  the  northern  Appalachian-;. 
It  inclades  the  following  members,  which  follow  immediately  beneath 
the  Brush  Creek  coal: 


Tbomton  flredar,  nnqwr  bench. 
Habonlng  red  beds. 
Coal  (local). 

Tbomton  flrecla;'.  lower  bsueb. 
Mahoning  sandstone  (massive). 
Coal  (local). 

Upper  Freeport  coal^lop  of  Allegheny  formation. 
Upper  Freeport  limestone. 
Bottom. 

The  relatione  of  these  beds  will  be  discussed  later. 

Sections  of  critical  series  of  the  Lower  Conemaagk  from  Ohio  to 
Pittsburgh,  Pennsylvania. — These  beds  fumiah  a  series  of  datum  plane.s 
to  which  the  other  strata  of  the  Coal  Measures  may  be  referred.  We 
will  now  proceed  to  trace  them  in  a  series  of  sections  from  Ohio  to  Mary- 
land, beginning  on  the  west  in  Meigs  County,  Ohio,  and  passing  thencu 
eastward  Ho  the  Qeorgee  Creek  basin  of  Maryland.  In  this  manner  a 
basis  will  be  laid  for  the  correlation  of  the  middle  Coal  Measures  of  thu 
area  under  consideration.  For  convenience  of  description  the  sections 
will  be  grouped  in  three  sets,  comprising  (1)  sections  from  Ohio  to 
Pittsburgh,  (3)  those  between  Pittsburgh  and  Maryland  via  West  Vir- 
ginia, (3)  those  between  Pittsburgh  and  Maryland  via  western  Penn- 
sylvania. 

Meigs  County,  Ohio.    This  area  is  near  the  southwestern  extremity  of 
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the  outcrop  of  the  Cooemaugh  in  Ohio.  Condit  describes  the  folIowiii,<^ 
sequence  in  this  county:* 

Ames  Kmeslone  and  fauna,  Harlem  coal,  PUtsbargh  red  beds.  Par- 
iersvUle  limestone  and  fauna,  Anderson  coal,  Cambridge  limestone  and 
fauna.  Brush  Creek  limestone  and  fauna.  Brush  Creek  [Mason]  coai. 

The  section  dispUys  the  normal  sequence,  save  that  the  Saltsburg  aii-i 
Buffalo  sandstones  are  absent.  The  thickness  of  the  section  is  145  feel, 
which  is  less  than  that  of  the  eastern  sections, 

Muekingum  County,  Ohio.  This  area  is  northeast  of  Meiga  County. 
Condit  describes  the  following  general  sequence  in  this  county :  * 

Ames  limestone  and  fautia,  Harlem  coal,  Eiving  limestone,  [Salt^furg} 
sandstone.  Anderson  coal,  [Albright  f]  limestone,  Cambridge  UmeatoH" 
and  fauna,  Buffalo  sandstone,  Brtish  Creek  limestone  and  fauna,  Bru^h 
Creek  [Mason]  coal. 

The  thickness  is  150  feet.  The  section,  as  showD  by  Condit,  is  clearlv 
the  same  as  the  preceding. 

Wheeling,  West  Virginia,  I.  C,  White  has  described  an  eicellent 
section  furnished  by  a  diamond  drill  core  at  Glenova,  near  Wheelin;;. 
West  Virginia,  in  which  thp  following  sequence  was  observed: '" 

Ames  limestone  and  fauna,  Pittsburgh  red  beds,  Saltsburg  sandstor.e. 
[PortersvUle}  limestone  and  fauna,  coai,  [Cambridge]  red  beds,  Brv-iii 
Creek  limestone  and  fauna.  Brush  Creek  coal. 

Tlie  thickness  is  210  feet.  The  section  is  manifestly  a  continuation 
of  that  described  by  Condit  in  Ohio. 

Pittsburgh,  Pennsylvania.  The  following  generalized  section  is  based 
upon  a  number  of  local  sections  described  by  Raymond  '*  and  upon  drill 
records  interpreted  by  the  senior  author: 

Ames  limestone  and  fauna,  Harlem  coal,  Pittsburgh  red  beds,  SaUx- 
burg  sandstone,  coal,  Cambridge  limestone  and  fauna,  Meyersdale  rM 
beds,  Buffalo  sandstone.  Brush  Creek  limestone  and  fauna,  BrasK  Creel- 
coal. 

The  thickness  is  205  feet.  The  section  embraces  the  standard  ele- 
ments of  the  western  area  and  adds  to  them  the  Meyersdale  red  shale-. 

•  D.  D.  Condit :  ConemftUEli  fotmatloD  In  Ohio.  Bull.  IT,  Oeol.  Burrcr  Ohio.  1913.  p. 
02.  8«e  plate  of  colamnar  B«tl0D.  The  membera  are  enumcntm]  Id  dpKFDdliig  order 
Id  til  tbe  rollowlng  Bectlon*. 

•  I),  n.  Condit :  roD^m&ugh  tormatlan  In  Ohio.  Bull.  IT.  0«ol.  Surre;  Obto.  1B13.  p. 
146.     Nampx  Id  bracket*  [  1  added  by  leaior  author. 

••I.  c.  Whllr:  n«port  on  Ohio.  Brooke,  and  Hancock  couatlta,  W.  Va.  iIhI.  Sunrr- 
lOOfl.  pp.  ill-i».  Tbe  namea  of  memberB  In  brackete  (  )  are  supplied  by  Ihe  wnlor 
author. 

"  Perc.v  Rn.vmond :  Adu.  Carnegie  Mua.,  vol.  v,  IftOS-lOOtl.  p.  ITS  »t  «eq. 
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which  is  widely  distributed  farther  east.  These  sectioos  show  the  esten- 
sioa  of  this  aeries  eastward  to  Pittsburgh.  TAany  more  sections  couJd 
be  added  if  desired. 

Secliotu  of  crilical  aeries  of  the  Lower  Conemaugh  from  Pittsburgh, 
Pennsylvania,  to  Maryland  via  West  Virginia. — Two  routes  now  present 
themselvee  by  which  the  beds  can  be  traced  from  Pittsburgh  to  Afarylau<!, 
one  passing  through  West  Virginia,  the  other  through  PeiuiBytvania. 
The  sections  on  the  route  through  West  Virginia  will  first  be  considered 
and  afterward  those  connecting  Pittsburgh  and  Maryland  via  western 
Pennsylvania. 

Morgantown,  Monongalia  County,  West  Virginia.  I.  C.  White  and 
■lis  associates  described  an  excellent  section  at  Morgantown,  West  Vir- 
•finia,"  which  comprises  all  the  more  significant  members  of  the  series 
in  their  normal  sequence,  save  that  the  Brush  Creek  coal  was  absent 
in  the  drill  record  cited,  though  present  in  the  vicinity.  It  comprises 
the  following: 

Ames  limestone  and  fauna,  Harlem  coat,  Ewing  limestone,  Pittsburgh 
red  beds,  SuHsburg  santhtone,  coal,  [Cambridge]  red  beds,  Cambridge 
limestone  and  fauna,  [Meyersdale']  red  beds,  Buffalo  sandstone.  Brush 
Creek  limestone  and  fauna.  Brush  Creek  coal. 

The  thickness  is  195  feet.  The  section  is  in  manifest  agreement  with 
that  at  Pittsburgh,  Pennsylvania. 

Preston  County,  West  Virginia.  I,  C.  White  and  his  associates  de- 
scribed the  following  section  in  western  Preston  County,'*  18  miles  south- 
east of  the  preceding: 

Ames  limestone  and  fauna,  Harlem  coal,  Ewing  limestone,  Pittsburgh 
red  beds,  Saltt^urg  sandstone,  coal,  Albright  limestone,  Cambridae  lime- 
Mone  and  fauna,  [Megersdate]  red  beds,  Buffalo  sandstone.  Brush  Creek 
limestone  and  fauna.  Brush  Creek  coal. 

The  thickness  is  200  feet.  This  section  evidently  embraces  the  same 
units  as  the  preceding. 

We  have  now  traced  the  critical  series  of  beds  containing  marine 
faunas  in  the  lower  Conemaugh  from  Meigs  County,  Ohio,  to  Preston 
County,  West  Virginia.  The  number  of  the  sections  described  is  small, 
but  the  list  could  have  been  greatly  extended  if  desired.  It  is  sufBcient, 
however,  to  show  the  persistence  of  the  l>edB  imder  consideration,  and 

» I.  C.  While.  H.  V.  M^DDFD.  I».  B.  llpgpr  :  Geology  or  Mkrion.  Moaongalla,  ■nd  Taylor 
coiinllH.     W.  V«,  G«il.  Huriey.  lOlS.  p.  118. 

'»  I.  r.  While.  R.  V.  Henara.  and  D.  B.  Rpger :  Qeolofof  ot  Preiton  Coiint]r.  W.  V». 
Gt^l.  Survry,   1014.     9«clloD  Ht  Newberg.  I.you  district,  p.  (K>.  and  Rvncr*.!  KCtlOQ.  pp. 

XI^-BUU-  Geol.  Sw.  Am..  Vul.  30.  1818 
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that  they  are  recognizable  throughout  this  wide  ares  by  their  diatinctiTe 
faunas,  prevalent  lithology,  sequence,  and  syatematically  increasing  inter- 
vals. The  results  thus  far  given  rest  upon  the  vork  of  m&ny  independent 
investigators.  Preston  County,  West  Virginia,  immediately  adjoins  the 
State  of  Maryland. 

Upper  Youghiogheny  basin.  West  Virginia  and  Maryland.  This  basin 
lies  both  in  eastern  Preston  County,  West  Virginia,  and  in  Garrett 
County,  Maryland,  15  miles  east  of  the  preceding  locality. 

The  section  observed  in  this  basin  "  may  be  compared  with  that  given 
by  White  and  hie  associates  in  western  Preston  County,  as  follows: 

Wett  Pretton  County,  We»t  Virgittta  Eatt  Preiton   Oovnty,  West  Vir^trnta- 

Oarrelt  Countv,  Maryland 

Amet  Um^tlone  and  fauna.  Amea  hmetlone  and  fauna. 

Barlem  coal.  Harlem  coal. 

EuHng  limeitone.  Bwing  limeitone. 

Pittabwrgh  red  bed*.  PUUburgh  red  bed*, 

aalttburg  landstone.  Balttbwg  tandttone. 

CoaL  Coat. 

AlbriffM  Jtmegtone.  Albright  Hmetlone. 

Cambridge  Umeitone  and  fauna. . 

IMeveridale']  red  beda.  Mei/eradale  red  beda. 

Buffalo  aandatone.  Buffalo  aandatone. 

Bruah  Creek  Umeatone  and  fauna.  Bruah  Creek  limettone  and  fauna. 

Brvah  Creek  coal.  Bruah  Creek  coaL 

nilckneBS,  200  feet  Thickness,  222  feet 

The  above  sections  include  the  same  important  beds  in  the  same  ordyr 
at  similar  intervals,  the  only  significant  difference  being  the  absence  in 
the  Maryland  section  at  this  point  of  the  Cambridge  limestone  and  fauna. 
The  latter  is  found  in  Maryland,  however,  in  the  Friendaville  area,  whicli 
immediately  adjoins  this  basin  on  the  north,  where  it  is  well  developci 
and  in  its  proper  position.  The  slight  difference  in  intervals  harmonize-: 
with  the  general  thickening  eastward.  The  similarity  of  the  lithology 
of  the  sections,  the  agreement  of  faunas,  intervals  and  sequence,  are  so 
complete  and  the  distance  between  the  sections  is  eo  small  that  their 
identity  is  evident.  This  conclusion  is  further  fortified  by  the  agre-'- 
ment  of  the  remainder  of  the  section  (see  columnar  sections). 

Upper  Potomac  basin,  Maryland.  This  basin  lies  10  miles  east  of 
the  Upper  Youghiogheny  basin,  from  which  it  is  separated  by  the  Oak- 
land anticline."    The  section  includes  the  following: 


"Tbe  Butbon  ar«  grMtl.T  Indebted  to  Ur.  M.  D,  Kirk,  of  the  Darli  Coal  and  Cot* 
Compaay,  lor  tbe  jirlrllpge  ot  eumlntDg  th«  reeordi  of  ■  Urse  number  of  itlaiD<Mid 
dritI-bol«s  put  down  b;  tbla  compaDj'  la  tbe  Uarrlaud  portion  of  tbe  basin.  The  data 
:  iDTHluable  In  Interpretlns  tbe  stratlKrapbj  ot  the  refloD. 
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Ames  limestone  and  fauna,  Harlem  coal,  Ewmg  limestone,  Pittsburgi'i 
nd  beds,  Salisbury  sandstone,  [Maynadier]  coal,  Albright  limestone, 
Cambridge  red  beds,  [Thomas^  coal,  Buffalo  sandstone.  Brush  Creek 
limestone  and  fauna.  Brush  Creek  coal. 

The  average  interval  from  the  Harlem  to  the  Brush  Creek  coal,  an 
shown  by  diamond  drill-holes,  is  218  feet,  which  is  In  close  agreement 
with  the  thickness  of  322  feet  in  the  Upper  Youghiogheny  basin.  Tiie 
underlying  beds,  between  the  Brush  Creek  and  the  Upper  Freeport  lime- 
stone, are  also  in  agreement  in  the  two  basins,  including  [Corinth) 
sandstone,  Thornton  clay,  Mahoning  red  beds,  [Gallitzin]  coal,  Mahon- 
ing sandstone,  [Piedmont]  coal,  Upper  Freeport  [Davis]  coal,  and  the 
Upper  Freeport  limestone,  which  are  found  in  both  basins.  The  inter- 
val from  the  Brush  Creek  to  the  Upper  Freeport  [Davis]  coal  is  11') 
feet  in  the  Upper  Youghiogheny  basin  and  120  feet  in  the  Upper 
Potomac 

The  Davis  coal  is  thus  seen  to  occupy  the  position  of  the  Upper  Free- 
port  coal.  The  Piedmont  coal  above  it  ia  perhaps  a  split  from  the  latter 
seam. 

The  section  described  is  in  harmony,  in  all  important  members  as 
well  as  in  intervale,  with  that  exposed  in  the  Upper  Youghiogheny 
busin,  as  seen  by  comparing  the  columnar  sections  of  the  two  basins 
(shown  in  plate  of  colnmnar  sections).  The  chief  difference  observed 
is  the  presence  of  the  Cambridge  red  shale  in  the  Upper  Potomac  basin 
and  its  absence  in  the  Upper  Youghiogheny  basin.  The  identity  of  the 
sections,  in  all  important  respects,  is  manifest. 

Sections  of  critical  series  of  Lower  Conemaugh  from  Pittsburgh  to 
Hari/Iand  via  western  Pennsglvania. — We  have  described  the  sections 
between  Pittsburgh  and  Maryland  via  West  Virginia  and  found  the 
critical  series  to  extend  from  Ohio  to  Maryland  via  West  Virginia.  We 
will  next  consider  the  sections  from  Pittsburgh  to  Maryland  via  western 
Pennsylvania. 

Freeport,  Pennsylvania.  The  section  of  the  Lower  Conemaugh  and 
Upper  Allegheny  at  Freeport,  Pennsylvania,  is  of  particular  interest,  as 
this  is  the  typical  locality  of  the  upper  members  of  the  Allegheny  forma- 
tion and  hence  determines  the  boundary  between  the  Conemaugh  and 
Ailegfaeoy  formations.  The  following  section  was  observed  at  this 
place: " 

Ames  limestone  and  fauna,  Pittsburgh  red  beds,  Saltsburg  sandstonf. 


)vGoo<^lc 


586  COAL  MKABUBES  OP  MABYLAKD 

coal,  Cambridge  red  bedt,  coal,  Megersdale  red  beds,  Buffalo  tandtion-^^. 
Brash  Creek  limestone  and  fauna,  Bru*h  Creek  coal. 

The  interval  between  the  Ames  aud  Brush  Creek  liinestoue  is  2-H) 
feet. 

The  Cambridge  limestone  and  fauna  were  not  observed  by  the  authon- 
at  Freeport,  but  are  reported  in  the  proper  position  in  the  viciiiitv  bv 
1.  C.  White." 

The  section  is  in  full  agreement  with  those  already  described.  The 
average  interval  between  the  Brush  Creek  limestone  an<f  Upper  Fr**pon 
coal  is  115  feet  (120  feet  at  Freeport). 

Latrobe,  Pennsylvania.  Baymond"  and  Campbell'*  describe  excfllent 
sections  in  the  vicinity  of  I^atrobe  which  embrace  the  following: 

Ames  limestone  and  fauna,  Harlem  coal,  Pittsburgh  red  beds,  li^alls- 
burg  sandstone,  Albright  limestone,  Buffalo  sandstone.  Brush  ('ret:..- 
limestone  and  fauna.  Brush  Creek  coal. 

The  thickness  is  229  feet,  which  may  be  compared  with  the  thickm-- 
of  230  feet  at  Freeport.  The  section  agrees  in  its  chief  elements  with 
that  at  Freeport. 

Somerset  County,  Pennsylvania.  The  section  at  this  place  is  based 
upon  the  work  of  Dr.  0.  B.  Richardson,  who  has  not  only  gi^en  the 
author  his  interpretations  of  the  section,  but  has  most  generously  fur- 
nished him  with  valuable  diamond-drill  records.  It  presents  the  fol- 
lowing sequence: 

.imes  limestone  and  fauna,  Harlem  coai,  [Ewingi  limestone,  Pitts- 
burgh red  shale,  Saltsburg  sandstone,  Cambridge  limestone  and  faunn. 
coal,  Meyersdale  red  beds,  Buffalo  sandstone.  Brush  Creek  limestone  and 
fauna.  Brush  Creek  coal. 

The  thickness  is  261  feet.  The  interval  from  the  Brush  Creek  ci-i! 
to  the  Upper  Freeport  coal  ie  135  feet.  This  section  is  in  full  acvo'-'I 
with  the  preceding, 

Somerset  County  immediately  adjoins  the  State  of  Maryland  on  tlu' 
north. 

Castleman  basin,   Pennsylvania- Maryland.     This  basin   lies  both   in 

HnmciMat  (?niiiiiu   Poiinsylvania,  and  in  Garrett  County,  Mnrylamt,  ih-.- 

■s  of  the  two  States.     It  is  distant  but  15  miles 

ion  studied  by  Richardson.     The  following!  s.-- 

near  Meyersdale,  Pennsylvania,  and  Grantsviile. 
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Ames  limestone  and  fauiia,  Harlem  coal,  Swing  limestone,  I'iHsburyli 
red  beds,  Saitsburg  sandstone  (massive),  coal,  Albright  limestone,  Cam- 
bridge [Friendeviile]  shaie  and  fauna,  coal,  MeyersdaJe  red  beds,  Buffalo 
sandstone.  Brush  Creek  limestone  and  fauna.  Brush  Creek  coal. 

I'he  interval  from  the  Harlem  to  the  Brush  Creek  coal  is  360  Feet,  as 
cfHnpared  with  261  feet  in  a  diamond-drill  record  near  Somerset,  Penn- 
sylvania. The  section  between  the  Bmsh  Creek  coal  and  the  Uppo.- 
Freeport  coal  is  also  in  close  agreement  in  the  two  basins,  the  interval 
between  them  being  115  feet  in  the  Castleman  basin  and  130  feet  -Jt 
Somerset,  Pennsylvania.  The  agreement  of  this  section  with  that  last 
described  is  so  close  in  lithology,  in  position  of  faunas,  sequence,  and 
intervals  and  the  distance  between  them  {10  miles)  is  so  small  that 
there  can  be  little  doubt  of  their  correlation." 

Georges  Creek  basin,  Maryland.  This  basin  lies  10  miles  east  of  the 
Castleman  basin,  from  which  it  is  separated  by  the  Oakland  aritlelini-. 
The  section  here  exposed  includi-s: 

Ames  limestone  and  fauna,  upper  and  lower  divisions;  Harlem  coal, 
Ewing  limestone,  Pittsburgh  red  shale,  Saitsburg  sandstone — massive; 
coal,  Albright  limestone,  Cambridge  [Friendsvilh]  shale  and  fauna, 
roitl,  iieyersdale  red  shale,  Bitfftilo  sandstone.  Brush  Creek  limestone 
and  fauna.  Brush  Creek  coal. 

The  average  thickness  is  257  feet.  The  interval  from  the  Brush  Creek 
coal  to  the  Upper  Freeport  [Davis]  coal  is  120  feet. 

As  will  be  seen  by  a  comparison  of  the  columnar  sections,  the  agree- 
ment of  this  section  with  that  in  the  Castleman  basin  is  so  complete, 
embracing  the  same  units  and  faunas  in  the  same  sequence,  at  essentially 
the  same  intervals,  that  their  identity  is  manifest. 

The  Georges  Creek  and  the  Upper  Potomac  areas  are  part  of  the 
same  structural  basin,  their  strata  are  continuous,  and  the  sections  are 
in  full  agreement.  We  are  thus  brought  to  the  same  conclusion,  whether 
we  approach  Maryland  by  way  of  West  Virginia  or  via  western  Penn- 
sylvania. 

Persistence  of  critical  series. — We  have  now  described  the  critical 
series  of  the  lower  Conemaugh  and  found  that  it  constitutes  a  clearly 
recognizable  group,  which  may  be  traced  throughout  the  area  considered 
by  means  of  its  faunas,  lithology,  intervals,  and  sequence. 

The  Ames  fauna  is  distinguished  throughout  the  entire  area,  when 
normally  developed,  by  its  profusion  of  Ambocmlia  planoconvexa. 
Chonetes  gramilifer,  typical  form,  and  Derbga  crassa.    This  fauna  is 
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present  in  all  the  Eections  described  and  is  as  well  developed  in  Mary 
land  as  elsewhere.  The  Brush  Creek  fauna  is  less  profuse  than  the 
Ames,  but  is  clearly  traceable  throughout  the  area  by  meane  of  its  d'wj,- 
noBtic  species.  The  Cambridge  fauna,  though  more  meager  than  th'' 
Ames  and  Brush  Creek,  is  probably  present  throughout  the  region,  being 
represented  by  brackish  vater  forms  in  the  eastern  Bections,  with  which 
are  associated  an  increasing  percentage  of  marine  species  farther  west 

The  lithology  exhibits  a  definite  sequence,  which  can  be  recognizti! 
and  traced  through  all  the  sections.  Four  coals  are  present.  Two  of 
these,  the  Harlem,  underlying  the  Ames  marine  limestone,  and  the  Bruftli 
Creek,  beneath  the  Brush  Creek  marine  limestone,  are  found  in  most  of 
the  sections  described  from  Ohio  to  Maryland.  Two  other  coals,  lyin^ 
between  the  Saltsburg  and  Buffalo  sandstones,  are  widely  distributed 
though  less  persistent,  being  found  in  Ohio,  at  Freeport,  PennsylvaniH, 
and  in  Maryland,  Two  non-marine  limestones  are  present.  The  upper 
of  these,  the  Ewing,  being  widely  distributed  beneath  the  Harlem  coal, 
at  many  localities  from  Ohio  to  Maryland.  Among  the  most  signifi- 
cant features  of  the  section  are  the  red  beds.  The  Pittsburgh  red  shale 
is  very  persistent,  occurring  a  short  distance  beneath  the  Harlem  corI 
in  nearly  every  section  described,  while  the  Meyersdale  red  shale  i^ 
observable  at  many  localities  east  of  Pittsburgh.  The  Saltsburg  ami 
Buffalo  sandstones  are  also  important  and  persistent  members  of  the 
sections  described. 

The  columnar  sections  show  that  the  members  occur  at  intervals  which 
vary  systematically  throughout  the  area.  Beginning  with  an  interval 
of  145  feet  between  the  Harlem  and  Brush  Creek  coals,  in  the  western 
section,  the  distance  between  these  beds  increases  systematically  from 
west  to  east  until,  in  the  Georges  Creek  Valley,  it  is  260  feet. 

This  systematic  change  is  well  shown  by  the  columnar  sections,  in 
which  the  sections  are  placed  on  an  east  and  west  line.  The  intervals 
between  the  Harlem  and  Brush  Creek  coals  are  remarkably  similar  in 
the  last  three  sections,  being,  as  shown  by  the  diamond-drill  cores,  261 
feet  in  the  Somerset  basin,  260  feet  in  the  Castleman  basin,  and  257 
feet  in  the  Georges  Greek  basin. 

Finally,  the  sections  are  close  to  each  other,  the  distance  from  the 
Georges  Creek  basin  to  the  Castleman  basin  being  10  miles;  from  th? 
latter  to  the  Somerset  section  15  miles;  from  the  Somerset  section  to 
Ijatrobe  35  miles;  from  Latrobe  to  Pittsburgh  30  miles;  from  Pittsburgh 
to  Freeport  25  miles.     The  sections  at  Latrobe,  Pittsburgh,  and  Fr«?- 
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port  have  beea  connected  by  numerous  intermediate  sections  by  many 
independent  inTestigators. 

The  strata  of  the  Georges  Creek  basin  are  also  continuous  with  thoso 
of  the  Upper  Potomac  basin.  The  distance  from  the  latter  basin  to  the 
Upper  Youghiogheny  basin  is  8  miles;  from  the  Upper  Youghiogheny 
basin  to  the  FrestOn  County  section  15  miles;  from  the  Preston  County 
section  to  Morgantovn  18  miles.  The  section  at  Morgantown  is  Again 
connected  with  the  typical  areas  in  Pennsylvania  by  sections  studied 
by  many  independent  workers. 

The  facts  adduced  show  that  the  correlation  of  the  series  is  manifest. 
Two  conclusions  follow : 

1.  There  is  a  persistent  eastward  thickening  of  the  Conemaugh,  tlio 
formation  being  350  feet  thick  in  southeastern  Ohio,  600  feet  at  Pittn- 
burgh,  and  900  feet  in  the  Georges  Creek  Valley  of  Maryland.  The 
failure  to  recognize  this  eastward  thickening  has  led,  in  the  past,  to  the 
assignment  of  the  same  thickness  to  the  Conemaugh  formation  in  Mary- 
land as  at  Pittsburgh,  with  the  consequence  that  a  considerable  part 
of  the  Conemaugh  formation  has  been  assigned  to  the  Allegheny  forma- 
tion by  former  workers  in  Maryland. 

3.  The  Davis  coal  of  Maryland  and  adjacent  parts  of  West  Vii^inia 
is  in  the  position  of  the  Upper  Freeport  coal. 

CORRBLATION  OF  FORUATtOVB 

In  general. — -We  have  now  traced  a  series  of  strata  through  the  Cor.I 
Measures  of  the  northern  Appalachian  basin  which  serves  as  a  datum 
plane  to  which  the  other  beds  may  be  referred.  We  thus  have  a  key 
to  the  correlation  of  the  middle  Coal  Measures  of  the  northern  Appala- 
chian basin.  The  correlation  of  the  Monongahela  will  be  briefly  sug- 
gested, after  which  the  relations  of  the  underlying  formations  will  be 
considered  more  fully. 

Monongahela  formation. — The  upper  limit  of  the  Monongahela  forma- 
tion of  Maryland  has  been  placed,  in  the  past,  at  the  top  of  a  thick  coal 
situated  250  feet  above  the  Pittsburgh  seam,  which  has  been  called  the 
Waynesburg  coal.  The  latter  coal  is  preserved  in  but  a  small  area  and 
its  true  relations  need  further  investigation.  The  base  of  the  Monon- 
gahela formation  is  clearly  marked  by  the  thick  Pittsburgh  coal,  which 
is  recognizable  throughout  most  of  the  area  by  its  character  and  strati- 
graphic  relations.  It  furnishes  an  important  datum  plane  for  correla- 
tion in  the  northern  Appalachian  basin. 
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Th«  suggested  relations  of  the  other  members  of  the  Monongaliela 
form&tion  of  Maryland  are  indicated  in  the  chapter  on  Btratigraphy. 

C'onemaugh  formation. — Ttie  Conemaugh  formation  ie  distinguisheil 
from  the  Allegheny  formation  by  the  preseQce  of  red  beds,  which  makv 
their  first  appearance  near  the  base  of  the  Conemaugh  and,  as  shown  by 
I.  C  White,''  constitute  one  of  the  most  characteristic  features  of  the 
Conemaugh.  It  is  distinguished  from  the  overlying  Monongahela  forma- 
tion by  the  presence  of  marine  faunas  and  by  a  lesser  content  of  coal. 
The  top  of  the  Conemaugh  is  veil  defined  by  the  base  of  the  Pittsburgh 
seam.  The  lower  limit  of  the  formation  is  the  iop  of  the  Upper  Free- 
port  coal  of  western  Pennsylvania. 

'J'he  base  of  the  Conemaugh  has  been  placed,  in  the  past,  in  the  Georges 
Creek,  Upper  Potomac,  and  Upper  Youghiogheny  basins  of  Maryland 
and  West  Virginia,  at  the  top  of  a  coal  found  ahout  600  feet  beneath  the 
Pittsburgh  seam.  That  this  is  not  the  Upper  Freeport  coal  is  shown 
by  the  fact  that  the  Ames  fauna,  abounding  in  Ambocalia  planoconveTu, 
Chonetes  granulifer,  and  its  other  characteristic  species  is  found  bus 
15  feet  above  it,  while  the  Brush  Creek  fauna  is  found  185  feel  beneafU 
it.  Just  beneath  this  coal  is  found  a  fauna,  consisting  of  brackish  water 
species  in  the  Georges  Creek  Valley  and  marine  species  in  the  wester'i 
sections  of  the  State,  which  occupies  the  horizon  of  the  Cambridge  limev- 
stone  of  Ohio.  Hed  beds  occur  100  to  200  feet  below  tlie  coal  in  ques- 
tion. It  is  clear  that  this  coal  lies  far  above  the  horizon  of  the  Upper 
Freeport  coal,  apparently  occupying  the  position  of  the  Anderson  coal 
of  Ohio  and  of  the  upper  of  two  coals  which  lie  between  the  Saltsbur^ 
and  Buffalo  sandstones  in  the  section  at  Freeport,  Pennsylvania.  It, 
therefore,  can  not  be  the  Upper  Freeport  coal. 

The  Davis  coal  of  Maryland  lies  about  200  feet  beneath  the  coal  last 
named  and  120  feet  beneath  the  Brush  Creek  limestone  and  fauna.  It 
thus  occupies  the  position  of  the  true  Upper  Freeport,  which  lies  about 
1X5  feet  beneath  the  Brush  Creek  coal  in  the  vicinity  of  Freeport,  Penu- 
syVania,  and  is  clearly  traceable  through  the  various  sections  from 
Freeport,  Pennsylvania,  into  Maryland  by  means  o£  its  position  with 
respect  to  the  critical  series  already  discussed.  The  Upper  Freeport 
limestone  is  found  in  its  proper  position  beneath  this  coal  in  the  Upper 
Potomac  and  Castleman  basins,  extending  thence  westward. 

The  Barton  coal  of  Maryland  is  not  the  Bakerstown,  as  was  formerly 

"I'oiil  Report.  West  VlrglDlD  Geol.  Survpj'.  vol.  II.  1003.  pp.  225-32T.  and  toI.  ll<t. 
iftOS,  pp.  822-62*.     Report  on  Geology  of  Braiton  and  CIny  coantln.     Wnt  Ylrilnls 
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supposed,  but  lies  nearly  100  feet  abore  the  Ames  limeBtone  and  ia  hemru 
in  the  position  of  the  <^oal  eommonly  called  the  "£lk  Lick"  in  neighbor- 
ing areas.  The  persistent  limestone  100  feet  above  the  Barton  coal  may 
be  correlated  provisionally  with  the  Clarksburg  limestone. 

The  suggested  coireUtion  of  the  various  members  of  the  Conemangh 
ia  indicated  in  the  chapter  on  stratigraphy  and  will  not  be  further  con- 
sidered here  (aee  also  plate  of  columnar  sections). 

it  is  interesting  to  note  that,  associated  with  the  Sickening  of  the 
strata,  there  ia  a  great  increase  in  the  content  of  coal,  so  that  the  Cone- 
maugh  contains  many  coal  seams  in  Maryland,  where  it  is  not  a  barren 
formation. 

Allegheny  formation. — The  upper  limit  of  the  Allegheny  formation 
is  determined  by  the  evidence  already  adduced.  The  lower  limit,  how- 
ever, is  open  to  question.  The  most  important  datura  plane  for  the 
ctirrelation  of  the  lower  members  of  the  Allegheny  formation  in  the 
typical  area  ia  the  Vanport  (Ferriferous)  limestone.  This  ia  a  thicA 
limestone,  containing  a  profusion  of  marine  fossils,  found  about  50  feet 
below  the  lower  Kittanning  coal  in  western  Pennsylvania.  It  extends 
but  a  few  miles  east  of  Pittsburgh.  The  correlation  of  the  lower  mem- 
bers of  the  Allegheny  formation  presents  great  difficulties  east  of  the 
latter  point,  owing  to  the  absence  of  a  trustworthy  datum  plane. 

An  attempt  has  been  made  in  the  past  to  draw  the  boundar)'  between 
the  Pottaville  and  Allegheny  formations  in  Maryland  by  means  of 
changes  in  the  character  of  the  lithologj-.  If  this  criterion  be  employe*?, 
the  Potts ville- Allegheny  boundary  would  undoubtedly  be  drawn  above 
the  Mount  Savage  sandstone  and  probably,  at  some  localities,  above  tlie 
Wfstemport  sandstone.  It  is  manifest,  however,  that  there  is  a  markcO 
variation  in  the  lithology  from  place  to  place  and  it  seems  unsafe  tc 
determine  the  limits  of  the  formation  over  wide  areas  without  paleoic 
tidogical  evidence.  In  view  of  the  absence  of  the  Vanport  limestone  in 
the  eastern  section,  an  effort  has  been  made  to  draw  the  boundary  between 
the  Potts ville- Allegheny  formations  in  Maryland  by  means  of  the  fossil 
floras.  With  this  purpose  in  view,  extended  «nd  detailed  collections 
iif  the  floras  have  been  made  in  Man-land  and  adjacent  areas  and  also 
in  the  typical  sections  of  the  Allegheny  formation  of  western  Penn- 
sylvania. It  is  impossible  to  review  the  data  at  this  point.  Suftice  it  to 
say  that  the  conclusions  rt'ached  by  Harvey  Bassler,  who  has  been  en- 
gaged in  a  critical  study  of  this  problem,  indicate  that  the  profuse  flora 
associated  with  the  Mount  Savage  coals  are  of  Allepheny  age,  and  thai 
a  distinct  change  in  floras  occurs  a  short  distance  beneath  the  latter 
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horizon.  The  Pottsville-AUegbeDy  boundary  would  thus  be  placed  be- 
neath the  Lower  Mount  Savage  coal  and  above  the  massive  SampBon 
Rock  conglomerate.  The  EUersUe  coal  would  appear  to  be  the  Lowwr 
Xittanning  coal  and  the  Upper  and  Lower  Mount  Savage  coals,  the 
Clarion  and  Brookrille  coals  respectively." 

The  discrepancy  in  the  position  of  the  Pottsville-Allegheny  boundary 
indicated  by  the  flora  and  by  the  lithology  is  due,  possibly,  to  the  fact 
that  arenaceous  beds  accumulated  along  the  steeper  gradients  of  tUi; 
streams  in  the  east,  in  Lower  Allegheny  time,  while  more  argillaceoiis 
sedim^ts  were  forming  along  their  lower  gradients  in  the  west.  If 
this  is  the  case,  a  line  drawn  between  the  Allegheny  and  Pottaville 
formations  upon  the  basis  of  lithology  would  rise  across  the  strata  east 
ward  and  include  sediments  of  Allegheny  age  in  the  Pottsville  formation. 

The  fall  presentation  of  the  evidence  bearing  Qpon  these  points  must 
be  reserved  for  the  discussion  of  the  floras,  which  will  appear  in  a  sul- 
sequent  publication.**  The  thickness  of  the  Allegheny  as  thus  limited 
is  350  to  300  feet. 

Pottsville  formation. — The  Pottsville  formation  consists  of  massive 
sandstones,  conglomerates,  and  interbedded  shale,  which,  as  shown  by- 
David  White,  bear  a  distinctive  flora.  Ab  delimited  in  the  preceding 
discussion,  it  consists  in  Maryland  of  two  zones  of  massive  sandstones 
separated  by  a  shale  zone.  Two  fossil  faunas  are  present,  conBi8tin<t 
of  a  few  brackish  water  species.  The  lower  zone  bears  the  same  species 
southward  **  and  appears  to  be  definitely  correlated  with  the  Quakertown 
fauna  of  West  Virginia.  The  upper  zone  is  questionably  placed  at  th^ 
horizon  of  the  Upper  Mercer  fauna  of  Pennsylvania.*'  The  Pottsville 
rests  unconformably  upon  the  Mauch  Chunk  red  shale. 

CONCLDSION  AND  SUUMART 

The  preceding  discussion  shows  that  certain  features  of  the  Coal 
Measures  are  persistent  over  large  areas,  the  beds  containing  the  marine 

"  That  the  cornlitlan  ot  tke  indlTldual  cMla  of  the  Alle^cu;  sni]  PottSTlUe  fonna- 
tloni  li  loBfcure  In  mucb  at  the  Qorthern  Appalacblan  coal  buln  Is  made  maolfert  bj 
the  examlnaton  of  the  BccompaiiylDK  plate  of  colnmnar  eectlons  of  these  formatloiu. 
Ltthologr  and  InterralB  are  IniuIDclcnt,  wlthont  paleontoloclcal  data,  for  coDlldent  cor- 
relation. ... 

H  UoDOfraph  of  the  Carboalferoui  of  MarylaDd  to  be  pabUihed  b;  the  Marjland 
Oeotoaleal  SorTej. 

■  W.  ArmatronB  Price :  Report  on  Barbour,  npshnr,  and  the  ireatern  portion  of  Bau- 
dolph  countlea.    W.  Va.  Geol.  Sarvey,  1018.  p.  ISS. 

■■  See  chapter  on  Stratigraphy,  where  the  relations  of  the  membera  are  further  dU- 
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fauQfis  in  the  Lower  Conemaugh  having  a  wide  dietribution.  Asso- 
ciated with  them  are  coals,  red  beds,  fresh-water  limestones,  and  even 
sandstones,  which,  though  lenticular  and  diecontinuoUB,  are  found  at 
many  places  in  the  northern  Appalachian  coal  basin. 

Other  features  are  systematically  variable.  Thus  the  Conemaugh  in- 
creases in  thickness  eastward,  being  350  feet  thick  in  Ohio,  600  feet  at 
Pittfibnrgh,  Pennsylvania,  and  900  feet  in  Maryland.  The  deposits  are 
more  arenaceous  eastward,  indicating  steeper  stream  gradients  there. 
The  coal  content  alao  increases  eastward,  seven  coal  seams  being  described 
in  the  Conemaugh  of  Ohio,  while  27  beds  are  found  in  the  same  limits  in 
Maryland. 

The  red  beds  aie  formed  at  definite  horizons  over  wide  areas.  They 
are  thin  in  the  eastern  sections,  but  increase  in  number  and  volume  west- 
ward, their  development  appearing  to  bear  an  inverse  relation  to  that  of 
the  coals.  Conditions  favorable  for  the  formation  of  red  beds  thus 
appear  prejudicial  to  the  accumulation  of  coal.  If,  as  their  occurrence 
suggests,  they  have  climatic  significance,  they  should  have  large  value 
for  purposes  of  correlation. 

Certain  Permian  elements  make  their  appearance  associated  with  the 
re<l  beds  as  seen  in  the  flora,  insects,''  and  the  possible  occurrence  of  a 
Pareituaurus  in  West  Virginia."  The  significance  of  these  facts  needs 
further  elucidation. 

The  accumulation  of  the  sediments  seems  to  indicate  progressive 
crustal  deformation  with  downwarp  toward  the  east.  If  coal  beds  rch 
laid  down  near  sealevel,  the  conditions  would  appear  to  have  been  rathor 
stable  over  large  areas  until  Brush  Creek  time,  after  which,  as  shown 
by  the  wedgelike  thickening  of  the  Conemaugh  eastward,  warping  be- 
came more  marked,  reaching  a  maximum  before  the  deposition  of  the 
Pittsburgh  seam. 

The  preceding  discussion  may  be  summarized  briefly  as  follows : 

1.  A  persistent  series  of  beds  containing  marine  faunas  is  recognized 
in  the  lower  Conemaugh,  Its  faunas,  lithology,  sequence,  and  intervals 
are  described. 

Z.  This  series  is  traced  by  means  of  ntmieroua  sections  from  Ohio  to 
Maryland,  thus  laying  a  basis  for  the  correlation  of  the  middle  Coal 
Measures  of  this  area. 

"Baniiiel  H.  Bcudder:  Bull.  II,  B.  Q«al.  Bnrrey,  No.  124,  p.  12. 

■■B.  C.  Cbm'.  W.  Vt.  Oeol.  Snrref.  Beport  OD  seoIoc7  ot  Braxtan  and  Clay  codd- 
tln,  191T,  pp.  81T'R21.  See  alio  I.  C.  White,  Ibid.,  pp.  8S2-S29,  and  B.  C.  Cbm,  Ann. 
Camegle  Moi.,  vol.  I»,  1908.  pp.  2B4-241. 
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3.  The  Tarioas  formations  are  correlated  and  the  relations  of  some  of 
the  more  important  members  considered. 

L  I'he  results  thus  secured  are  aommarized  in  a  chapter  on  stratig- 
raphy. 

3.  Certain  general  conclusiona  are  indicated. 

ExPLA.vATioN  OP  Plates 
PuiTE  14. — 8ecti<mt  of  Gonemauffh  Formation 

SrctfoD         I,  Meigs  County,  Ohio,  based  on  section  bf  CoDdlt. 

Section       II.  Muskingum  County,  Ohio,  baaed  on  section  bf  Condlt. 

Section      III.  Wheeling.  West  Virginia,  based  on  section  by  I.  C.  Wblte. 

Section  IV,  Pittsburgh,  Pennsylranla,  Swartz,  generalised  from  drill  rec- 
ords and  local  sections  bj  Raymond. 

Section        V,  Morgantown,  West  Virginia,  based  on  section  by  f.  C.  Wblte. 

Section  VI,  Preston  County,  West  Virginia,  baaed  on  sections  by  I.  C.  White. 
Reger,  and  Henneu. 

Section    VII,  Freeport,  Pennsylvania,  Swarti  and  Bassler. 

Section  VIII,  Latrobe,  PenniQ'lTanla,  based  on  sections  by  Campbell  surl 
Raymond. 

Section  IX,  Section  In  Upper  Yougblogheuy  Bastn,  Maryland,  Swnriz  and 
Price. 

■Section  X,  Section  in  Upper  Potomac  Basin,  Maryland,  Swartt ;  messnrv 
uient  of  npper  100  feet  by  D.  B.  Roger. 

Section      XI,  Somerset,  Pennsylvania,  based  on  work  of  O.  B.  Bichardwo. 

Section    XII,  Section  of  CasUeman  Basin,  Maryland,  Swartx  and  Prices* 

Section  XIII,  Georges  Creek  Basin.  Maryland.  Swartz. 

Numerals  refer  to  members:  R  algnldes  red  beds;  Rv.  varlagated  with  red; 
*  Indicates  fauna. 

~The  apiwr  part  of  this  MCtlon  bu  been  Btadied  critically.  In  kdjacent  parts  af  Pena- 
■ylTania.  by  Ibe  senior  author  since  tbls  dlaRram  was  prepared.  The  resolti  will  1r 
publlsbed  In  a  separate  paper. 
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TS.  Ilttsburgta  coal. 
77.  Horantown  coat 
Te.  Upper  PlttaburBh  limestone. 

73.  Lower  Ptttsbnrgb  Bandstone. 

74.  Uttle  Plttsbnrgb  Coal. 

73.  Lower  rittebnrgb  llmeatoDe. 

7*.'.  Second  Uttle  Plttsburgb  co«l. 

71.  Third  LitUe  Plttsbnrgb  coaL 

70.  Summerfleld  limestone. 

•!9.  Connellsville  red  bed. 

US.  GonnellHvllle  sandstone. 

07.  Franklin  rider  coal. 

ffli,  Franklin  coal. 

tiO.  Ixinacoaing  sandstone. 

W.  Upper  bencb  or  Lonaconlng  coal. 

03.  Lower  bencb  of  I»nacoDlng  coal. 

G2.  Hoffman  sandstone. 

lil.  Upper  HofFman  coal. 

W.  Middle  HolTman  coal. 

oU.  Hoffman  limestone. 

j!i.  Ijower  Hoffman  coaL 

57.  ClarysvUle  sandstoue. 

Si.  Little  ClarksburK  coal. 

55.  Upper  bench  of  Clarksburg  lime- 
stone in  Maryland,  ClartsburB 
limestone  elaewbere. 

54.  Upper     aarkaburn;     red     bed     in 

Maryland,  Clarksburu  red  l>eil 

elsewhere. 
-V!.  Upper  Clarysrtlle  coal. 
52.  Lower     aarysvllle     coal,     wpper 

bench. 
51.  Ix)wer     ClarysvUle     coal,     lower 

50.  lAiwer  bench  of  Clarksbnrg  Ume- 

■in.  Lower  Clarksburg  red  bed. 

48.  MorgantowD  sandstone. 

47.  Morgantown  red  bed. 

46.  Wellersbure  rider  coal. 

4.-.  Wellersburg  coal  In  Marytand. 
"Elkllck  coal"  near  Somerset, 
I'enusylvanla. 

44.  Wellersburg  limeatone. 

4.1.  Barton  rider  coal. 

42.  Barton  sandstone. 

41.  Barton  coal  In  Maryland,  "Elk- 
llck coal"  In  West  VlrulnlH. 

40.  Barton  limestone. 

Note.— The  correlation  of  the  npiwr  members  Ih  tentative.    Their  lenticular 
and  variable  character  forbids  confident  correlation  by  data  now  available. 


I.  West  Millford  coal. 

1.  Upper  Grafton  sandstone. 

r.  Birmingham  red  bed. 

I.  Federal  Hill  coaU 

i.  Duquesne  coal. 

[.  Lower  Grafton  sandstone. 

I.  Skelley  limestone  In  Ohio,  Upi>er 

Ames  eastward. 
'..  Harlem  rider  coal. 
1.  Ames  red  bed. 
I.  Ames  limestone  and  fauna. 
>.  Harlem  coal. 
t.  Ewlng  limestone. 
r.  Pittsburgh  red  bed. 
I.  Woods  Run  limestone  and  fauna. 
i.  Saltsburg  sandstone. 

1.  Portersvllle  limetsone  and  fauna. 
{.  Upper     Bakerstown    coal     (May- 

nadier  coal  In  Maryland).  An- 
derson coal  in  Ohio. 

2.  Albright  limestone. 

1.  Cambridge  red  bed. 

0.  Cambridge  limestone  and  fauna. 
Frlendsvllle  shale  and  fauna  in 
Maryland. 

9.  Thomas  sandstone. 

3.  Lower  Bakerstown  coal — Thomas 
coal  In  Maryland,  Wllgua  coal 
In  Ohio. 

T.  Thomas  limestone. 
G.  Meyersdale  red  bed. 

5.  Buffalo  sandstone. 

4.  Brush  Creek  rider  coal. 
'■i.  Brush  Creek  red  bed. 

2.  Brush  Creek  limestone  and  fuuiin. 

1.  Brush  Creek  coal. 

0.  Irondale  limestone. 
!>.  Corinth  sandstone  in  Maryland. 
.^.  rialUtzin  coal — Mahoning  coal   in 

Ohio. 
7.  Thornton  clay. 

6.  Mahoning  red  bed,  upper  and 
lower  benches. 

5.  Mahoning  limestone. 
4.  Piedmont  coal. 

3.  Mahoning  sandstone. 

2.  Upper  Freeport  rider  coal. 

1.  Upper  Freeport  coal. 
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Pi^iK  IG. — Sectiona  of  AUegKenti  and  PotttvUIe  Formatitm* 

Numbers  Indicate  members.  Different  Dumbers  are  aaslKiied  to  the  cos'i-' 
called  tbe  Vjufer  EittannliiK  In  the  eastern  and  wesUrn  actions ;  *  indicate:^ 
fauna;  Cmc— Uaucta  Chunk;  Cp — I'ocono;  Cgr — Greenbrier. 


J.  Upper  Freeport  coal. 

i.  Bollyar  flreclay. 

1.  Upper  Fre^mrt  limestone. 

{.  Upper  Freeport  sandstone. 

12.  Middle  Freeport  coaL  "Lower 
Freeport  coal,"  Barrelville  coal 
In  Klaryland. 

I.  Middle  Freeport  limestone. 

).  Middle  Freeport  sandstone. 

i.  Lower  Freeport  rider  coal. 

*.  Lower  Freeport  coal. 

r.  Lower  Freeport  limestone. 

I.  (Ijower)  Freeport  sandstone. 

i.  Montell  rider  coal. 

;  Montell  sandstone. 

I,  Upper  Klttannlng  coal  east  of 
Freeport. 

i.  Little  Montell  coal. 

I.  Johnstown  Iron  ore — Mount  Sar- 
tkge  Iron  ore  In  Maryland. 

I.  Johnstown  limestone. 

I.  Hardman  fireclay,  "Furnace  clay" 
in  Maryland. 

t.  Piney  Mountain  coal. 

'.  Upper  Klttannlng  coal  at  Free- 
port  and  westward. 

I.  Upper  Elttannlng  limestone. 


i.  Westemport  sandstone. 

L  Middle  KittannlDs  coal. 

I.  Middle  Kattanning  fireclay. 

f.  Ellerslle  sandstone. 

I.  Tjower  KsttannlD);  rider  coaL 

>.  I«wer  Kittannln^  coal. 

I.  Lower  Kittannlng  fireclay. 

(.  "FerrWerous"  coal. 

'.  Vanport  limestone. 

!.  Mount  Savage  sandstone. 

>.  Scrubgrass  coal. 

I.  Clerical  coal — Upper  Mount   Sav 

8ge  coal  In  Maryland. 
I.  Clarion    fireclay — Mount     Savai;e 

fireclay  in  Maryland. 
!.  Brookvllle     coal — Lower     Mouitt  * 

Savage  coal  In  Maryland. 
.  Homewood  sandstone. 
'.  Upper  Mercer  shale  and  Qtuna. 
I.  Upper  Hercer  coal. 
I.  Ix)wer  Mercer  coal. 
'.  Upper  Connoquenesslng  sandstone 
i.  Quakertown  shale  and  fkiuia. 
:  Quakeriown  coal. 
.  Lower  Connoquenesslng  sandstone. 
':  Sharon  coal. 
'-  Sharon  sandstone. 
.  Coal. 


Note. — The  members  of  the  Pottsvllle,  In  the  sections  deHcrll>ed.  a 
to  murh  rarintlon.    The  correlation  Indicated  Is  tentative. 
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598     h,  l.  faischild p08t-olaciaxi  uplift  of  kew  enoi^nd 

Introduction 

In  the  early  days  of  eartli  science  in  America,  about  the  middle  of  thi^ 
last  century,  the  fact  of  recent  oceanic  submergence  of  northeastern 
America  was  recognized.  'I'he  literature  of  the  time,  in  particular  tht 
Proceedings  of  the  Boetoii  Society  of  Natural  History,  record  many 
flbservationa  and  opinions  of  the  geologists  of  the  day.  E.  Desor  and 
H.  D.  Rogers  were  prominent,  and  the  facts  indicating  submergence 
were  used  by  Rogers  to  support  the  diluvial  theory  of  the  drift.  Tw) 
quotations  are  pertlnL'nt. 

"Rogers  replied  ttaat  he  considered  tbese  remains  evidence  of  the  former 
existence  of  an  extensive  strait  which  cnt  ofC  New  Ifugland  from  the  main 
continent"   (volume  3.  page  116). 

"Mr.  Desor  had  thus  been  led  to  the  opinion  that  the  sea  bad  once  filletl 
the  Saint  T.awrence.  I^ke  Ontario,  and  Lake  ChamplalD"  (volume  3,  page 
:i58). 

The  low  attitude  of  \ew  England  at  the  close  of  the  ice  period  appears 
,  to  have  been  accepted  down  to  the  end  of  the  century.  The  belief  found 
extreme  expression  in  the  writings  of  Professor  Shaler,  who  claimed  30i> 
feet  submergence  below  present  level  for  Nantucket  and  Marthas  Vine- 
yard and  1,300  feet  for  Mount  Desert  Island.  From  this  excessive 
estimate  there  was  reaction.  The  intensive  study  of  the  morainal  drift 
on  the  New  England  coast  and  Long  Island  led  the  later  students  to 
jKistulate  a  complicated  Pleistocene  history,  and  to  refer  the  evideni 
oscillations  of  tho  land  level  back  in  time  to  an  epoch  aut«dating  the  la^ t 
ice-sheet.  This  concentration  of  study  on  the  local  glacial  features 
appears  to  have  diverted  attention  from  the  wider  relations  of  the  phe- 
nomena, and  to  have  caused  neglect  of  the  positive  evidence  of  Post- 
(ilacial  submergence  in  all  the  adjacent  territory.  Some  of  the  writers 
on  New  England  Pleistocene  have  asserted  that  during  the  removal  of 
the  last  ice-eheet  the  coast  stood  as  high,  or  even  higher,  than  it  does 
today.  To  explain  the  high-level  sands  with  marine  fossils,  they  allow 
aubmergeiice  previous  to  the  last  ice-invasion,  which  appears  discordant 
with  the  fact  that  abundant  water-laid  deposits  are  superficial  over  all 
the  coastal  region.  The  wide-spread  evidence  of  high-level  static  water 
deposits  in  the  inland  territory  was  attributed  to  glacial,  or  ice-impoondeil, 
waters ;  for  which  barriers  were  assumed,  but  without  any  direct  evidence- 
In  recent  papers  (numbers  74-81  of  the  accompanying  bibliographic 
list)  the  writer  has  presented  evidence  of  Post-Glacial  submergence  of 
the  wide  area  that  was  covered  by  the  last,  or  Labradorian,  glacier.  The 
classic  ground  of  eastern  Massachusetts  and  Rhode  Island  was  not  exam- 
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ined  antil  the  summer  of  1918,  after  the  facts  had  been  acquired  in  the 
wider  eurrounding  territory.* 

The  various  proofs  of  Post-Glacial  land  uplift  are  clear.  This  con- 
cIusioQ  runs  contrary  to  the  views  in  much  of  the  later  literature,  and 
tlie  writer's  sense  of  duty  to  the  truth  is  his  apology  for  invading  this 
well  trodden  ground  and  for  venturing  to  disagree  with  many  friends 
among  the  later  writers  on  the  New  England  Pleistocene. 

The  recent  paper  (1917),  by  F.  J.  Katz  and  Arthur  Keith,  on  the 
Xewington  moraine  in  Maine,  New  Hampshire,  and  Massachusetts,  con- 
firms the  fact  of  late  submergence.  They  clearly  state  that  the  last 
ileposite  of  the  region  overlie  or  overlap  the  moraine,  and  that  "the  region 
was  submerged  during  the  building  of  the  moraine,  and  the  ice-front  was 
in  the  sea"  (82,  page  39). 

The  lower  attitude  of  New  England  was  also  recognized  and  clearly 
stated  by  M.  L.  Fuller  in  1898  (63,  pages  312,  320). 

THEoitETic  Discussion;  Criteria 

CBiUXCTER   OF   DEPOSITS 

The  complex  of  ice-laid  and  water-laid  deposits  in  the  terminal 
nuiraines  of  Long  Island  and  Massachusetts  have  been  interpreted  as  the 
ri'Cdrd  of  multiple  glaciatioii.'  Ilowcvur,  the  evidences  of  and  argument 
ii'T  Post-Glacial  submergeiicf  described  in  this  paper  are  not  dependent 
on  any  theory  of  events  during  the  time  covered  by  glaciation,  whether 
one,  or  two,  or  several  ice  epochs.  ■  The  deposits  and  phenomena  used  in 
the  present  stndy  are  wholly  surficial  and  postdate  tlie  last  ice-occupation 
of  the  region,  and  are  consequently  independent  of  any  up-and-down 
movements  previous  to  the  last  ice-invasion. 

The  episode  in  the  geologic  Iiistory  which  is  here  described  is  that  of 
the  final  removal  of  the  glacier,  and  the  problem  is  to  determine  it  the 
surficial  features  agree  with  the  theoretic  conditions  of  (1)  deep  water 
facing  the  retiring  ice-front;  or  (2)  shallow  proglacial  waters;  or  (3) 
subaerial   land  surface  beyond  the  ice-margin. 


"The  wrlt»  tuakeB  gratpfiil  BCknowlednnieLt  of  DuanclRl  al<l  from  the  R«Bparch  Furi,I 
of  the  American    AasocliitloD   for  the  Advancement  of  Science. 

'The  writer  la  Dot  prepared  to  conBdeDtlf  dlscuu  the  Plelatocene  hUtorr  as  It  Is 
reeorded  lo  tile  morafnBl  helt".  nor  to  contravert  the  published  coDClualona ;  bat  study 
of  the  later,  or  retreatal.  moralnea  shows  that  much  complexity  of  the  depoalta  may 
fMurt  from  merely  the  oscillations  of  the  margin  ot  ODe  ice-Bhe*t.  It  ta  poaalble  that 
lb*  Klaclal  hialory  of  New  England  hag  been  made  too  eompler.  and  that  future  study 
"III  simplify  the  story.  It  I-  Improbable  that  the  Plrlslocene  history  of  JJew  Rngland 
Is  as  complicated  aa  that  of  the  Mississippi  Valley. 

XLI— BcLU  Oeoi..  Soc.  Am.,  Vol,  30,  1818 
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(1)  Under  the  ccnceptioo  of  open  water  larmg  the  waning  glacur 
and  too  deep  for  effective  wave-work,  the  theoretic  succeseion  and  char- 
actere  of  the  deposits  would  be  B<»newhat  as  follows:  The  foundation  fur 
the  water-laid  depoeite  might  be  either  rock  or  till.  The  till  might  be 
differentiated,  hut  if  the  marginal  ice  were  thin  and  not  too  heavily 
loaded  with  drift,  it  might  be  floated  away,  leaving  only  the  aubglacial 
till,  or  perhaps  none  at  all.  The  maasive  clay  in  the  Hudson  Valley 
often  rests  (m  glaciated  rock.  In  the  lake  area  of  soatheastem  Massa- 
chusetts it  appears  that  detached  ice  blocks  were  anchored  and  more  or 
less  buried  in  sand  and  gravel,  producing  a  multitude  of  kettles. 

The  earliest  (lowest)  water-laid  deposit  from  the  glacial  outwash 
would  vary  from  cobble  to  sand  and  would  commonly  include  much 
coarse  material.  If  the  detritus  were  poured  into  deep  water,  it  would 
receive  little  assorting  and  would  produce  unstratified  or  pell-mell 
structure.  The  finer  suspended  matter  would  generally  be  swept  away, 
leaving  the  deposits  without  silt,  although  in  sheltered  localities  some  silt 
might  rarely  be  added  to  the  primary  deposit.  As  the  ice-front  receded 
the  suspended  silt  would  be  floated  out  and  precipitated  over  the  earlier, 
coarse,  pell-mell  deposits.  Locally,  in  case  of  very  vigorous  stream 
outwash,  effective  current  might  carry  sand  some  distance  seaward  and 
spread  it  with  partial  stratification;  but  streams  from  the  glacier  into 
deep,  wide  water  would  commonly  be  too  quickly  checked  to  producv 
stratification. 

When  the  ice-front  was  far  removed,  only  the  finest,  suspended  silt 
could  reach  the  deserted  area,  and  the  coarse,  pell-mell  dep<»its  miglit 
receive  a  topping  of  clay. 

Out  of  the  possible  variation  in  the  deep-water  deposits  there  remains 
the  broad  fact  of  coarse  detritus  at  the  base  with  prevailing  pell-mell 
structure,  and  silt  at  the  surface  over  the  greater  area  of  submergence. 

It  appears  that  the  rise  of  land  was  nt7  during  the  removal  of  the  ice- 
sheet  from  the  area,  or  at  least  bo  small  in  the  coastal  region  as  to  b; 
negligible. 

The  next  phase  in  the  theoretic  history  involves  the  rise  of  the  un- 
weighted land  and  the  shallowing  of  the  waters,  implying' seaward  exten- 
sion of  the  dry  land  and  lengthening  of  the  rivers.  The  clays  from  the 
glacial  drainage  might  shade  into  the  silts  and  clay  from  the  subsequeni 
river  contribution.  Within  the  range  of  river  currents  the  clays  might 
eventually  suffer  erosion,  by  river  work  or  tidal  scour,  and  over  the  ir- 
regular surface  sand  or  gravel  might  finally  be  spread,  as  the  latest  work 
of  the  shallowing  waters.     Sharp  unconformity  between  clay  hencst'i 


)vGoo<^lc 


THBOBBTTC   DISCUSSION  601 

and  gravel  above  is  seen  in  the  Hudson  Valley,  but  sucli  structure  might 
be  more  readily  produced  iu  a  valley  with  lateral  inflow  than  in  the  open 
sea.  It  is  possible  that  unconformities  of  simitar  origin  might  be  inter- 
preted as  evidence  of  multitple  glaciation. 

Within  the  range  of  vigorous  rivers  the  earlier  marine  deposits  would 
be  more  or  less  buried  under  the  shallow  water  and  stream  detritus,  the 
latter  grading  upward  from  fine  to  coarse,  in  this  respect  being  the 
reverse  of  the  deep-water  deposits.  Over  wide  areas  unaffected  by  rivers 
or  by  tidal  scour  the  deep-water  silts  and  clays  would  be  lifted  into  the 
air  as  the  surface  material,  as  in  the  lowlands  of  the  Boston  district. 

The  complete  ideal  succession  of  the  deposits  initiated  in  deep  water 
may  rarely  be  exposed,  but  two  elements  are  common,  namely,  the  pell- 
mell  gravels  and  the  superficial  clays,  especially  in  eastern  and  sontb- 
eastern  Massachusetts,  where  the  oceanic  waters  were  deepest. 

When  the  ice-front  had  receded  to  higher  ground,  so  as  to  be  faced 
by  shallow  water,  the  glacial  outwosh  would  build  sandplains,  the  deltas 
of  the  glacial  streams;  and  when  the  ice- front  had  backed  away  entirely 
from  the  sea  and  lay  on  the  exposed  land,  all  the  streams,  of  glacial  or 
of  land  drainage,  would  build  deltas  in  the  standing  water.  Such  deltas 
were  inevitable,  and  tliey  mark  the  highest  stand  of  the  sea  or  lowest 
of  the  land  at  the  time  of  the  ice  removal  in  any  district.  These  sum- 
mit-level deltas  are  the  heaviest  deltas  of  the  streams,  for  the  reason  that 
each  stream  then  had  its  greatest  burden  of  detritus,  the  glacial  outwash 
being  added  to  the  land  drainage,  and  the  latter  then  having  its  heaviest, 
load,  derived  from  the  newly  exposed,  drift-covered  land  surface. 

Subsequently,  during  the  slow  rise  of  the  land,  the  reduced  load  of  the 
streams,  and  this  of  finer  material,  was  distributed  along  their  course- 
in  the  sealevel  waters,  being  commonly  spread  about  as  filling  of  low 
areas  instead  of  forming  distinct  deltas.  The  summit-level  delta,  the 
record  of  the  deepest  submergence,  is  practically  the  only  heavy,  well 
marked  gravel  plain  in  each  river  valley.  These  early  gravel  plains  are 
the  most  inevitable  and  the  most  reliable  features  for  determining  the 
approximate  amount  of  land  uplift  since  the  ice-sheet  deserted  the 
district. 

With  the  rise  of  the  land  and  the  shallowing  of  the  sea  the  ^euiic  uf 
effective  wave  action  was  slowly  lowered  over  all  the  inferior  land  surface. 
The  localized  glacial  deposits  of  gravel  (kames),  consisting  of  coarse 
and  well  rounded  stuff,  and  therefore  sensitive  to  wave  impulse,  wen 
more  or  less  leveled,  truncated,  or  planed.  The  Newtonville  sandplain 
is  an  example  of  a  partially  levole<l  kame  area.     In  eastern  Massachu- 
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setto  these  plains  of  erosioD  have  been  wrongly  attributed  to  glacial  lakj 
waters. 

Without  long  pauses  in  the  land  uplifting,  or  a  etand-stiil  of  the 
waters,  erosion  features  such  as  sea-cliffs,  or  constructional  features  such 
as  spits  and  bars,  would  not  be  formed  (77,  page  299;  81,  page  199). 

(2)  Under  the  conception  of  sliallow  waters  laving  the  receding  ice- 
front,  80  shallow  that  stream-flow  and  offshore  currents  were  effective, 
the  unassorted  or  pell-mell  gravels  that  are  characteristic  of  deep-water 
genesis  would  be  absent  and  would  be  represented  by  plains  of  stratified 
materials  sloping  seaward.  Such  submarine  plains  should  exhibit  very 
smooth  surfaces,  and  the  materials  should  grade,  horizontally,  from 
coarse  to  fine  as  the  offshore  depth  increased.  In  line  with  the  entrance 
of  streams  of  glacial  outwash,  shallow  sconrvays  would  eiist,  and  as  they 
concentrated  the  tidal  ebb  and  scour,  tliey  might  persist  and  extend  sea- 
ward, as  the  land  rose,  perhaps  even  without  the  aid  of  stream  currents. 
The  smooth  plains  of  Long  Island,  Marthas  Vineyard,  and  Xantncket 
are  considered  good  examples  of  submarine  plains  in  shallow  water. 

The  final  rise  of  the  land  would  leave  the  surfaces  that  had  fallen 
within  the  range  of  detritus  with  deposits  more  or  less  differentiated, 
as  noted  above.  Pell-mell  structures  and  smoothed  kame  areas  wouM 
be  wanting.  When  land  streams  came  into  existence  their  work  would 
he  mostly  erosional  in  the  belt  of  the  shallow-water  deposits.  In  tliis 
connection  it  becomes  important  to  discriminate  the  constructional,  nr 
outwash,  plains  from  the  erosional,  or  wave-leveled,  plains  (see  page  609). 

(3)  Detrital  plains  built  above  the  sea,  or  other  standing  water,  oi 
snbaerial  construction  should  possess  some  characters  that  would  distia- 
guish  them  from  subaqueous  plains.  Such  discriminative  characters 
have  not  been  recognized,  for  the  plains  of  Long  Island  and  Xantucket 
have  been  referred  to  both  classes  of  deposits.  Geologists  who  deny 
the  recent  submergence  of  the  coastal  region  regard  these  plains  as 
subaerial  glacial  outwash.  The  very  level  surfaces  are  supposed  to  be 
produced  by  the  blending  of  alluvial  cones  by  lateral  migration  of  loaded 
streams,  or  as  the  aggraded  upper,  subaerial  portions  of  vast  united 
deltas.     A  brief  discussion  of  these  plains  may  suggest  some  criteris. 

The  plains  lack  the  anastomosing  channels  of  "braided"  rivers  on 
aggrading  deltas,  and  the  dividing  or  distributary  channels  of  either 
fans  or  deltas.  On  the  contrary,  the  "creases,"  or  so-called  channels, 
unite  seaward,  widening  and  becoming  nndefiued.  They  do  not  liold 
coarse  detritus,  as  rounded  boulders  and  cobble,  which  should  be  the 
ease  if  formed  by  land  streaniB,  but,  especially  on  the  lower  ground,  arc 
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floored  by  sands  and  silts  similar  to  the  inat«rialB  forming  the  plains, 
Tlie  ereasea  do  not  have  t!ie  definite  form  and  character  of  land  streama, 
but  sgree  with  the  supposed  form  and  nature  of  tidal  ecourways.  Along 
lines  parallel  to  the  eea  the  plains  are  very  fiat  and  smooth,  except  for 
the  intercepting  creases,  and  are  ton  smooth  for  the  conception  of  n 
series  of  united  fans.  The  slope  seaward  is  too  steady,  and  with  too  tow 
gradient  to  represent  subaerial  gravels.  The  composition  of  the  plaiiu 
is  too  uniform,  and  on  the  low  ground  too  fine,  to  be  the  deposition  of 
land  streams  from  glacial  outwash.  Further  description  of  these  plains 
is  given  in  writings  37  and  77.  If  they  were  the  product  of  subaerial 
glacial  outwash,  then  similar  plains  should  have  been  formed  on  uplatids, 
in  unconfined  areas,  along  the  face  of  the  retreatal  moraines. 

OEXESAI.  STATEllHyT 

The  third  postulate,  as  given  above,  must  be  ruled  out,  admittedly 
for  the  mainland.  The  wide  silt  and  clay  plains  of  the  low  grounds  arc 
recognized  as  products  of  deep  water.  The  great  number  of  kettles 
and  kettle  lakes  in  southeastern  Massachusetts  among  level  plains  of 
sand  and  silt  can  not  be  explained  by  mechanics  of  subaerial  agency. 

The  suggestion  that  the  morainal  belt  and  border  of  the  mainland 
received  its  uplift  previous  to  the  last  ice-invasion  has  no  support  in 
fact.  Over  all  the  area  the  phenomena  of  standing  water  are  superfi- 
cial and  unaffected.  There  is  no  evidence  of  any  glaciation  of  New 
England  subsequent  to  that  which  built  the  great  terminal  moraine. 
Any  late  ice-sheet  would  have  more  or  leas  obliterated  the  features 
made  by  the  submergence  and  should  have  left  a  distinct  terminal 
moraine  and  other  conspicuous  evidence. 

1'he  second  postulate,  that  of  shallow  waters  facing  the  receding 
ice-front,  is  also  disproved.  The  heavy  deltas  and  extensive  cobble 
plains  that  must  mark  the  edge  of  the  standing  water  are  absent  on 
the  low  ground,  where  we  find  the  clays  and  other  proof  of  deep  water. 
The  Merrimac  Eiver  will  serve  as  an  illustration.  If  the  area  of  eastern 
Massachusetts  had  stood  near  its  present  level  at  the  time  when  the  ice- 
slieet  melted,  the  river  would  have  built  a  huge  gravel  delta  in  the  dis- 
trict of  Newburyport,  and  its  aggraded  coarse  deposits  would  have 
buried  all  the  low  ground  along'  its  course  in  Massachusetts;  but  its 
earliest,  heaviest,  and  coarse  deposits  were  dropped  far  north  in  New 
Hampshire.  Over  the  lower  groimd,  in  Middlesex  and  Essex,  it  spread 
only  finer  detritus,  contributing  to  the  low  marine  filling  among  the 
hills  about  Lowell  and  Lawrence  and  the  wide  plains  about  Newburypoi-t. 
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Ag  all  of  easteru  Maseachueetts  carrieg  abundant  evidence  of  i^lHiuliii^ 
water,  .the  question  of  the  genesis  of  the  phenomena  oa  the  higher 
ground  lies  between  glacia!  lake  waters  and  marine  submergence.  'I'he 
suggestion  of  an  ice-dam  lingering  on  the  east  and  south  while  the  larger 
area  was  relieved  of  the  glacier  is  at  least  unreasonable.  The  cxiet^iic: 
of  partial  or  local  ice-barriers  on  the  seaward  side  for  some  low  ares^ 
does  not  meet  the  demands,  because  static  water  phenomena  occur 
abundantly  over  all  the  territory  of  N'ew  England  that  lies  beneath  the 
imaginary  surface  joining  the  isobaees  of  the  maps  (figures  1  and  S). 
These  phenomena  are  described  in  later  chapters. 

If  no  measurable  rise  of  land  occurred  previous  to  the  removal  of  tlic 
glacier  from  the  coastal  region,  it  follows  that  any  glacial  outwasli  pkina 
marking  a  water  surface  must  record  the  highest  water  level.  Karnes 
and  moraine  could  he  dropped  in  the  deep  water,  but  no  plains  coiiM 
be  built  in  deep  water  in  contact  with  the  ice-front.  Glacial  outwiLsii 
plains  were  built  only  on  higher  ground  or  in  shallow  water  and  only 
at  the  summit  marine  level.  The  earliest  river  deltas  also  mark  the 
early  water  level.  Consequently,  near  the  limit  of  glaciation  any  tme 
glacial  plains  and  any  heavy  stream  deltas  of  coarse  materials  are  posi- 
tive record  of  the  deepest  Post-Glacial  submergence. 

If  any  rise  of  land  did  occur  while  the  ice-sheet  lay  on  the  area  ot- 
before  the  plains  were  built,  which  is  possible  for  the  inUnd  area,  then 
the  submergence  and  subsequent  uplift  is  greater  than  the  present  height 
of  the  plains  above  the  sea. 

Wherever  the  ocean  lapped  the  land  when  the  Labradorian  ice-sheet 
was  melting,  either  outwash  plains  or  stream  deltas  were  built  along  the 
sea  margin.  These  bedded  deposits  are  the  inevitable  and  conspicuoiu 
proof  of  stajiding  water  and  of  the  highest  stand  of  that  water.  Such 
summit  deltas  are  found  on  practically  every  stream  course,  and  willi 
such  accordant  levels  that  prediction  can  confidently  be  made;  and  pre- 
diction has  been  successfully  made  many  times.  The  summit  deltas 
of  Massachusetts  and  Rhode  Island  will  be  noted  below. 

The  hills  of  gravel  (kames)  built  by  concentrated  glacial  drainagi'  in 
submergence  and  then  brought  to  the  sea  surface  by  the  land  uplift  were 
more  or  less  worn  down  and  leveled  by  wave  and  current  work.  The 
great  number  of  sandplains  on  low  ground  are  of  this  nature.  The 
Sewtonville  plain  (53)  is  a  good  example  of  leveled  and  truncnteii 
kames.  The  knotls  were  built  in  deep  water  and  the  leveling  took  place 
subsequently  in  very  shallow  water.  The  plain  is  not  a  constnictiontil 
glacial  plain,  but  an  erosional  marine  plain.     One  or  more  pointji  ■'< 
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knolls  stand  above  the  plain,  as  evidence  of  the  failure  of  the  waves  to 
complete  their  work.  Other  plains  in  the  immediate  neighhorbood  have 
different  levels.  The  list  of  30  plains  or  leveled  tracts  given  by  Clapp 
(68,  page  808)  emphasizes  the  fact  of  great  discordance  in  altitude  of 
plains  in  the  same  district.  That  they  were  not  laid  in  glacial  lake 
water  is  proven  by  the  following  negative  characters:  No  relation  to  any 
lines  of  land  drainage;  no  relation  to  any  passes  across  divides;  no 
correspondence  in  altitude;  no  similarity  in  form;  no  definite  structures. 
They  are  wave-smoothed  kame  or  other  deposits  which  were  sensitive 
to  the  agitated  oceanic  waters  (see  further  description,  page  609). 

As  land  uplift  progresxed  and  the  rivers  extended  seaward,  intrench- 
ing their  earlier  deltas,  they  swept  detritus  over  the  lower  ground  within 
their  reach;  but,  as  no  heavy  inferior  deltas  are  found,  it  is  concluded 
that  the  rise  of  the  land  was  comparatively  steady,  and  that  the  rivers 
spread  their  later  loads,  which  were  finer  detritus  than  at  the  higher 
levels,  mostly  under  the  sealevel  waters. 

A  criterion  of  the  primitive  water  level  is  the  unmodified  form  of  th; 
kames  and  moraines  in  areas  above  the  theoretic  marine  surface  and 
the  washed  down  forms  beneath  that  surface.  A  good  locality  is  the 
morainal  tract  between  Foxboro  and  Wrentham. 

Spbm[i:roe><ce  Phenomena 
i.  bvmmit  dslta8 

These  deltas  are  not  the  stream-contributed  deposits  at  inferior  levels, 
but  the  plains  built  at  the  initial  and  summit  level  of  the  sea  by  the 
streams  (rarely  glacial  outwash  in  this  region)  flowing  from  the  higher, 
unsubmerged  ground.  These  summit  deltas,  as  valley  fllling,  are  rep- 
resented on  practically  every  stream  examined  in  northeastern  America 
lying  within  range  of  the  theoretic  submergence.  They  may  be  confi- 
dently predicted  for  every  stream. 

Beltas  produced  during  a  single  phase  must  have  similar  altitude ;  but 
deltas  built  far  inland,  in  the  deep  valleys,  might  be  laid  after  som.) 
rise  of  the  laud  had  occurred,  and  hence  such  deltas  do  not  register  the 
full  amount  of  land  uplift.  In  the  area  under  present  discussion  any 
variation  of  this  kind  must  be  very  small,  if  present  at  all,  and  certainly 
is  negligible. 

Heavy  deltas  built  in  constricted  valleys  by  vigorous  and  well  loade<1 
(streams  might  displace  the  estuary  waters  for  some  miles,  so  that  the 
line  of  standing  water  becomes  far  distant  and  much  below  the  head  of 
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the  aggraded  delta.  This  difficulty  will  not  often  occur  in  the  aro.i 
described. 

With  the  lack  of  the  two  elements  abow  noted,  there  may  yet  be  some 
variation  of  the  delta  surface  from  the  theoretic  marine  plane,  due  to 
differences  in  the  construction  of  the  deposit,  whether  above  or  beneath 
the  water  surface,  and  to  the  various  sources  of  possible  error,  alreadv 
noted. 

Deltas  laid  in  narrow  and  steep-walled  valleys  are  subject  to  gres: 
erosion  and  possible  obliteration  of  the  critical  plane;  but  this  is  not 
likely  to  occur  in  our  area. 

Following  is  a  tabulation  of  a  few  of  the  observed  summit  deltas  on 
the  larger  streams.  Some  description  of  them  is  given  in  the  later 
chapter  on  areal  description. 

No  examination  has  been  made  of  the  many  small  streams  and  wet- 
weather  runs  pouring  southward  from  the  uplands  into  the  high-level 
waters.  These  will  surely  record  the  summit  marine  level,  and  wiUi 
greater  precision  than  the  aggraded  deltas  of  the  larger  rivers.  If  the 
topographic  maps  had  the  accuracy  and  "expression"  of  the  latest  sheet«, 
the  location  of  many  summit  deltas  could  be  fairly  predicted.  An 
example  is  found  on  the  Kent  sheet,  southeast  comer,  where  the  contour 
lines  suggest  marine  summit  planes  at  about  330  to  200  feet. 

Delia  I  recording  the  SnmnUt  Marine  Level 


Nortb 
Monooenoc 
Blackstone 
West 


Flve-Hile 

Qnlnebaag 

Moosup 

Nacliaug    

WllUmantlc,  Bop. 

Hockanum 

Paquabuck    .... 
Qulnnlpiac    


atatmK-huaelU 
Millers  Falls  


Fltchbnrg    

r.eomlnBter    

Saianderavllle    . . 
S'orthwest   of   Wert 

West  ot  MUford.. 

Clinton  

Comteeticut 
Danlelson  -DayviUe 


Moosup  .... 
Willlmantlc 
Wtlllmantlc 
Rockvllle    .. 

Bristol    

Plnliivllle    . . 


>h«t. 

EtovatiOD      ^"^ 

1       "*"'■       1    (l« 

Werwlck-Green- 

fleld. 
Mtchburg    .... 

Blackstone    ... 
Blackstone    . . . 

:wo-;!7r,        .s. 

'  390-WO        3fl 

380        .Tf 

820-330        32 

800-330        3! 

I'utnam    

Putnam     

UooBup 

Norwlck    

Nor wlcli-G Head   . 

Tolland    

^lerlden    

Mcriden    
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!.  BUMMIT-LBVEL 


Several  wave-planed  areas  of  gravel  or  sand  are  found  at,  or  very 
□ear,  the  marine  summit  level.  These  have  no  relation  to  any  esi8tin>; 
rivers  and  the  deposits  are  evidently  glacial;  but  the  waters  which  gave 
the  level  surfacee  were  not  glacial,  as  they  all  lie  either  in  or  facing 
seaward  drainage.  The  plains  at  Sharon  and  Foxboro  stand  on  tho 
niHiii  divide  between  northward  and  seaward  drainage.  The  extensive 
plains  of  Long  Island  and  I^antucket  are  regarded  as  examples  at  the 
glacier  terminus.  The  following  tabulation  gives  a  few  examples  seen 
by  the  writer.  Doubtless  other  examples  will  be  found.  Some  descrip- 
tion is  given  later. 


lAKHtity. 

T„^_52.pMc 

.,...,.., 

Marine 

Ma*sachuse$t* 
Sliaron  Heights  

280-285 
280-290 
J30.-135 
40-  80 

240 

280-290 

160-180 

Dedham-FranhllH 

Gay  Head  

Nantncket 

Providence  

Burrillsvllle  

New  J/>ndon 

Nantucket  Island   

Rhode  Island 
"Dugaway  Hill,"  southwest  of  Provi- 
dence. 

80 
255 

Conneilicut 
"MUe  Plain,"  northwest  of  New  Lon 
don. 

200 

S.  WATER-LAID  DEPOSITS  FAOINO  THE  BE  A 

A  few  surficial  and  bedded  deposits  of  standing-water  origin  lie  at 
high  levels  close  to  the  open  sea.  No  one  has  ventured  to  attribute 
them  to  glacial  waters,  but  they  have  been  credited  to  submergence  pre- 
vious to  the  last  ice-sheet ;  yet  they  overlie  the  morainal  drift  and  are  thc- 
latest  phenomena  of  the  districts. 


LocBlIty. 

ElevaKod. 

."i". 

Gay  Head.  Marthas  Vineyard 

Oay  Head    

Nantucket    

Plymouth  

Provlneetown    . . . 
Mount  Desert  . . . 

120-125 
80 
230 
120 
230 

155 
80 
235 
190 

Manomet  Hill,  east  of  Plymouth... 
Highland  Light.   North  Truro 
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The  brilliant  clays  at  Gay  Head  are  capped  by  Pleistoceue  sands.  The 
wave-emootbed  plateau  on  which  staDds  the  lighthouse,  restaurant,  and 
wireless  station  has  au  altitude  by  the  map  of  130  to  135  feet.  By  the 
map  of  iBobases  the  marine  summit  is  about  165  feet  and  overtops  the 
highest  knoll.  The  higher  hills  of  the  island  exhibit  effects  of  wave- 
action,  but  the  moraine  is  so  stony  that  the  limit  of  wave-work  is  not 
clear. 

In  discussion  of  a  paper  by  David  White  (35),  F.  J.  H.  Merrill  said: 

"The  opinion  of  tlie  writer,  that  the  Haj'  Head  xirata  were  Past-Pltocen«. 
was  etitpfly  baaed  on  the  evidence  of  a  etratum  of  Post-PItocene  Band,  which 
Is  the  nppennoat  member  throughout  the  section,  being  repeated  freqnentlr 
by  faults,  and  at  one  point  contalnlnfc  fraginentn  of  Vcnut  mercenarta  and 
other  Quaternary  nhells"    (37,  page  W6). 

In  1892  P.  R.  Uhler  also  made  record  of  the  surficial  sands  (43,  pages 
176-177). 

At  Sankatay  Head,  east  end  of  Nantucket,  the  bedded  sands  carry 
fossils  to  at  least  50  feet  above  tide.  Papers  3,  4,  16,  17,  18,  31,  38,  and 
48  refer  to  tliis  occurrence.  In  paper  38,  pages  10-16,  Merrill  said  that 
he  measured  the  stratified  sand  to  83  feet  above  sealevel. 

Another  critical  locality  is  the  north  end  of  Manomet  Hill,  some  five 
miles  southeast  of  Plymouth.  This  hill  is  crossed  by  the  road  to 
Manomet  village  at  about  a  mile  from  the  sea.  The  altitude  of  the  roa'l 
summit  is  240  to  250  feet.  Up  to  about  230  feet  the  evidence  of  stand 
ing  water  is  conspicuous  and  abundant,  in  horizontal  sands  and  gravel. 
On  the  west  side  of  the  hill  a  broad  gravel  plain  lies  at  about  230  feet 
On  the  east  slope  water-laid  deposits  are  well  exposed  in  the  new  road 
cutting  at  330  feet,  where  the  surface  deposit  is  3  t«  5  feet  of  fine  sand, 
inclosing  numerous  boulders,  evidently  the  product  of  ice-rafting. 

The  stratified  sands  by  the  Highland  Light,  North  Tmro,  on  Cape 
Cod,  are  well  known.  The  altitude  of  the  top  of  the  cliff  of  bedded  sand 
is  about  120  feet,  but  the  wave-smoothed  plain  on  which  the  lighthonsc 
stands  is  140  feet.  Looking  southward,  the  work  of  standing  water  is 
apparent  in  the  perfect  horizontality  of  the  land  surfaces  and  the  sky- 
line. The  theoretic  uplift  here  is  185  to  190  feet,  which  gives  46  to  60 
feet  of  submergence.  The  presence  of  huge  boulders  in  the  gravels,  seen 
by  the  road  near  the  Highland  House,  one  being  10  feet  in  diameter,  w 
evidence  of  sufficient  depth  of  water  to  permit  the  rafting  of  heavy 
JKiulders.  There  is  no  suggestion  here  of  surficial  drift.  Standing 
water  was  positively  the  last  occupant  of  the  region. 

In  his  paper  on  changes  of  level  at  Cape  Ann,  Massachnsetta  (71), 
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S.  S,  Tarr  described  gravel  bars  40  to  60  feet  above  the  sea.  In  tbj 
eupplementary  Dote  Woodworth  raised  fhe  fignres  to  80  feet.  Tarr  also 
described  and  figured  contorted  sand  beds  at  Gloucester  containing 
marine  fossils  and  large  boulders,  and  says: 

"The  clayey  layere  also  sOKgeet  a  subsidence  sufflctent  to  remove  the  area 
rrom  the  Immedtate  nelgliborhood  of  the  rocky  coast;  and  ttie  presence  ot 
boDlden.  some  of  which  are  fully  two  tonM  In  weight,  sugKest  anffldent  depth 
for  large  masses  of  Ice  to  float.  It  seems  difficult  to  accoimt  for  these  trans- 
ported fragments  In  water  havlnc  a  depth  less  than  a  hundred  feet"  (71,  page 
101). 

Our  map,  figure  2,  makes  the  submergence  at  Cape  Ann  about  350  feet. 
The  disturbance  of  the  sands  might  be  due  to  icebergs,  and  the  over- 
lying till  is  probably  berg  till. 

i.  SAXDPLAIXe  OF  INFERIOR  LEVELS 

Wave-smoothed  and  more  or  less  leveled  plains  occur  at  all  levels, 
from  the  summit  marine  plain  down  to  the  present  sealevel,  and  they 
are  regarded  as  the  proof  of  the  alow  rise  of  the  land  out  of  its  sub- 
mergence. These  ])lains  are  not  limited  to  valleys  or  hollows  or  embay- 
ments  of  the  land,  and  glacial  waters  are  too  ephemeral  and  too  spas- 
modic to  produce  such  vertical  series  of  plains.  The  Newtonville  sand- 
plain  and  the  many  smoothed  tracts  in  the  same  district,  noted  by  Clapp 
(68),  are  examples  of  this  class  of  abundant  features  (see  page  604). 

For  reasons  given  above,  it  is  believed  that  the  inferior  plains  could 
not  have  been  built  as  outwaeJi  plains  in  contact  with  the  ice-front  and 
at  the  water  level,  although  when  deposited  as  kame  or  pell-meil  graveh 
in  deep  water  the  deposits  were  commonly  banked  against  the  ice-froa(. 
Some  of  the  form  due  to  the  ice  contact  may  be  preserved  during  the 
later  process  of  wave-leveling.  As  these  level  sand  areas  have  been 
interpreted  as  outwash  plains  at  water  level,  or  glacial  deltas,  it  if 
desirable  to  note  some  of  the  discriminating  criteria. 

True  constructional  plains  should  exhibit  delta  form  and  structure, 
as  clearly  set  forth  by  Davis  in  1890  (40).  By  contrast,  the  wave- 
leveled  or  erosional  plains,  due  to  smoothing  of  kamee  or  deep-water 
deposits,  should  lack  most  of  the  delta  characters.  They  should  be  more 
nearly  level,  and  any  surface  slope  should  decline  away  from  the  siJn 
of  wind  exposure  and  heavy  wave-work,  and  would  commonly  be  in 
opposite  direction  from  the  glacial  outflow;  or,  the  declining  slope  may 
be  radial  from  the  original  knolls  or  locus  of  supply.  The  gradation  ii' 
size  of  the  surface  materials  should  tend  to  have  the  same  relationship 
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as  the  surface  slope.  The  ice  contact  of  the  original  construction  may 
not  be  wholly  destroyed,  or  the  kettles  and  irregularities  of  the  deposit 
may  partly  persist,  especially  on  protected  sidee,  as  in  the  case  of  tlif 
Newtonville  plain.  The  drifting  of  the  wave-swept  material  might  pile 
slanting  beda  at  the  margin  of  the  plain,  which  could  perhaps  be  mia- 
taken  for  foreset  or  backset  delta  structure.  Sometimes  remnants  of  the 
original  masses  might  remain,  like  the  knolls  in  the  Newtonville  plain. 

Equivocal  structures  and  misinterpretation  of  the  plains  is  more  likely 
in  the  case  of  the  coarser  deposits  and  at  the  higher  levels.  The  great 
number  of  fine  sand  or  silt  plains  on  the  low  ground  of  Massachusetts 
and  Bhode  Island  could  not  be  regarded  as  constructional  at  water  level 

I'he  conspicuous  evidences  of  wave-leveling  are  so  common  over  most 
of  the  submerged  territory  that  it  seems  almost  superfluous  to  present 
any  list  of  localities.  However,  the  following  are  a  few  examples  that 
have  been  noted,  omitting  the  list  given  in  Clapp's  paper  (68) : 

Oon»pinttt>a»  Plains  of  Inferior  Levels 


MatiachuselU  ' 

Ni-wtoiiville    1  KoBton  

(ireat  Blue  Hill  I  Dedliam    

Mausfleld    I  Dedham    

Wrentham  i  Franklin  

t'ranklin    I  FTankllD   

riymoutii  district  I'lyinoutb    

Barnstable,  two  miles  soiitli |  Barnstable    

Truro  '  Wellfleet    

North  Truro    |  I'rovlncetown    

Nortb  Tlsbury  :  Martlms  Vloeyard. . 

Vineyard  Haven   Marthas  Vloeyard. . 

Connecticut 
New  London  and  nortbwurd.. 

Norwich    

Bozrah  Street   (?)    

I'latnfleld    

I'lalnvUle    

Sou  tblngton.  Plants  vllle 


100-120 
100-1-10 
40-  60 


New  London 

Norwich    

Norwich    

MooBup    

Meriden    

Meriden     


200    .  223 


:.  HOItlZOSTXL   UNF.H 


Closely  related  to  the  inferior  plains  are  the  clean-cut  horizontal  lines 
which  can  relate  only  to  fluidity.     They  occur  at  all  altitudes  up  to  tb? 
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initial  mnriiie  level,  but  are,  naturall;,  more  evident  in  areas  of  abundant 
detritus  and  at  the  lower  levels.  Abont  Plymouth  they  are  very  etrik- 
ing,  up  to  120  feet.  They  are  also  conspicuous  at  Truro  and  North 
Truro  up  to  the  highest  land  surface,  at  140  feet. 

d.  PELL-MELL  QHAVELB 

These  deposits  have  already  been  discussed.  They  are  accumulationn 
of  detritus  from  glacial  drainage  poured  into  water  ixx>  deep  to  allow 
assorting  and  strati Scation,  and  are  rather  characteristic  of  the  inorainal 
belts.  The  sand  and  gravel,  the  fine  and  the  coarse,  are  mingled  closely, 
and  the  deposits  are  compact,  lacking  the  loose  and  open  structure  com- 
mon to  gravels  of  other  districts.  These  gravels  are  more  abundant 
toward  the  glacial  border,  perhaps  chiefly  because  of  the  greater  depth 
of  water,  and  were  especially  noted  in  southeastern  Massachusetts  and 
in  Barnstable  County. 

Wave-work  of  the  shallowing  waters  might  sometimes  spread  a  veneer 
of  assorted  stuff,  and  on  marginal  slopes  the  shifted  gravel  might 
resemble  backset  or  foreset  beds  and  help  to  give  a  resemblance  to  con- 
structional outwash  plains. 

T,  supehficial  clays 

The  extensive  deposits  of  clay,  the  surficial  material  over  large  areas 
in  eastern  Massachusetts,  are  of  necessity  recognized  as  the  product  of 
deep  or  quiet  water.  They  are  precisely  the  expected  effect  of  far  re- 
moval of  the  ice-front,  in  deep  water,  before  any  large  rise  of  the  sea- 
bottom.     The  age  of  these  surface  clays  is  the  vital  question. 

Writers  admit  that  the  clays  of  the  Boston  Basin  were  deposited  in 
deep  water,  open  to  the  sea,  and  that  their  occurrence  at  the  present 
elevation  of  100  feet  over  tide  may  not  represent,  on  account  of  erosion, 
the  full  original  height  (34,  page  994).  The  water  surface  in  which 
the  clays  were  laid  must  have  been  100  to  200  feet  over  the  clays,  judg- 
ing from  the  map  of  isobases. 

But  the  Pleistocene  clays  and  the  other  records  of  submergence,  iis 
the  Highland  Light  beds  and  the  Sankaty  fossiliferous  sands,  were 
thought  to  have  been  deposited  and  elevated  previous  to  the  last  ice- 
invasion.  Appeal  is  made  to  down-and-up  movement  of  the  land  dur- 
ing the  life  of  the  supposed  earlier  ice-sheets,  and  to  elevated  attitude  of 
the  land  during  the  last  ice  epoch.  In  other  words,  the  land  was  low, 
with  submergence  and  clay  deposition,  during  the  time  of  removal  of  the 
earlier  ice-sheet,  but  was  elevated  while  the  last  ice-sheet  was  imposed. 
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l^his  argues  for  diastrophic  movement,  not  merely  independent  of  gla- 
ciatioQ,  but  in  direct  opposition  to  the  probable  effect  of  loading  and 
unloading. 

If  the  clay  plains  of  the  coastal  areas  represent  submergence  previouN 
to  the  latest  glaciation,  then  certainly  that  closing  ice-invasion  did  not 
override  the  lowlands  of  New  England.  It  appears  probable  that  the 
Pleistocene  phenomena  of  the  coastal  region  have  been  misinterpreted, 
with  the  effect  of  thus  making  the  history  too  complex.  If  the  Boetou 
surface  clays  and  sands  are  older  than  &e  lost  ice,  then  there  is  a  local 
history  which  has  not  been  translated  and  which  is  much  out  of  agree- 
ment with  that  of  the  surrounding  territory. 

8.   TERMISAL  UOKAISE  OL'TnAtlll  l'LAI.\H 

We  turn  again  (see  page  602)  to  the  remarkable  sandpUins  fronting 
the  termmal  moraines  on  the  islands.  Of  course,  they  are  outwash 
plainB,  and  in  the  opinion  of  the  writer  they  bear  every  character  that 
should  be  expected  of  plains  accumulated  under  shallow  water.  The  far 
stretches  of  perfect  level  and  smoothness  of  surface,  t^en  in  connection 
with  the  composition,  structure,  and  disposition  of  the  deposits,  seem 
impossible  of  formation  by  any  sort  of  subaerial  work.  The  uniformity 
of  the  lower  portions  of  the  plains  is  attributed  to  the  wave-work  while 
the  surface  was  rising  oiit  of  the  sea.  The  absence  of  beaches  is  not  s 
valid  argument  against  submergence,  because  bars  and  cliffs  are  rarely 
proiluced  on  sand  areas  without  a  standstill  of  land  and  water  (77. 
page  299). 

Lines  of  horizontality  are  seen  on  the  plains  and  are  noted  on  the  face 
of  the  wave-washed  moraine  of  N"antucket  up  to  about  60  feet  elevation. 

S.  8VBMEROBNCB   KFrKCTH   OS    HOOKY  Blt.L/1 

In  a  district  of  rock  hills  and  high  relief,  as  about  Boston,  the  evi- 
dences of  standing  water  are  inconspicuous  and  elusive.  The  relatively 
steady  rise  of  the  land  out  of  the  sea  prevented  the  production  of  shore- 
lino  features;  but  the  fact  of  standing  waters  is  shown  by  tlie  rinsed-oif 
surface  of  the  slopes;  the  silted  hollows;  the  prevailing  absence  of  ordi- 
nary talus  and  detrital  cones,  instead  of  which  are  seen  horizontal  line) 
where  the  wave-borne  detritus  was  banked  against  steep  and  irregular 
slopes ;  and  the  absence  of  perched  and  insecure  erratics  on  slopes  exposed 
to  effective  waves. 

The  characters  of  the  rock  hills  of  the  submerged  area  of  MK^sachu- 
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■  settfl  are  similar  to  those  of  the  rocky  areas  of  northern  New  York  and 
Vermont  that  have  been  subjected  to  immersion  (76,  page  11). 

n.  A  BBESCE  OF  FOSBILB 

'J'he  absence  of  fossils  from  the  higher  horizons  of  the  submerged  terri* 
tory  is  not  suificient  argument  against  marine  sut»nergence.  Marine 
fossils  are  rarely  found  in  deposits  laid  close  to  the  glacier  margin.  The 
physical  conditions  which  appear  to  have  inhibited  life  were:  the  me- 
chanical effect  of  coarse  and  moving  detritus,  the  muddiness  of  tiu: 
water,  the  low  temperature,  the  low  and  variable  salinity,  and  the  lack 
in  the  glacial  outwaab  of  organic  matter  required  as  food. 

The  Maps 

The  general  map  of  isotiaBea  of  Poat-Glacial  uplift,  figure  1,  is  repro- 
dnceil  from  the  preceding  paper  (81),  and  the  local  map,  figure  E, 
shows  the  isobases  for  southern  New  England  in  more  detail  and  with 
some  modification  of  the  earlier  map,  the  latter  chiefly  in  a  slight  in- 
crease of  the  uplift. 

The  lines  are  generalized  and  regularly  spaced,  yet  express  the  facts 
from  field  study  in  a  surprising  degree.  It  might  be  supposed  that 
some  irregular  rise  of  the  land,  or  crustal  warping,  would  produce 
variation  in  the  upcurved  surface,  expressed  in  irregularity  in  the 
isobases.  It  appears  probable  that  most  of  the  diastrophic  movement 
in  the  land  surface  is  due  to  compression  and  expansion  of  the  earth*.' 
mafls,  and  that  such  great  depth  is  involved  that  differences  in  the  sur- 
face lithology  would  havy  little  or  no  effect.  As  the  larger  topographic 
features  were  very  old,  and  isostatic  equilibrium  had  long  been  estab- 
lished, the  surface  <  re  lief  could  have  little  effect,  except  as  conditioning 
the  depth  of  ice. 

Future  intensive  wtudv  may  relocate  the  isobases,  with  possible  recog- 
nition of  some  slight  irregularity.  In  the  main  the  map  expresses  the 
large  truth.  It  is  based  on  wide  field  study,  not  only  of  the  limited 
area,  but  of  the  surrounding  territorj-. 

Emphasis  is  not  laid  on  great  precision  of  the  figures  and  no  effort  i:« 
made  to  give  figures  within  multiples  of  five.  There  are  various  sources 
of  errors,  as  inaccuracies  in  the  old  topographic  maps;  in  the  railroad 
elevations;  uncertainty  in  the  interpolation  between  the  20-fect  con- 
tours; errors  in  the  aneroid  measurements;  and  possibly,  though  njt 
probably,  to  irregular  warping  of  the  land  surface.     However,  with  du- 
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recognition  of  posaible  errors  and  in  spite  of  them,  the  agreement  of 
the  field  meaaurements  with  the  generalized  lines  of  the  upraised  surface 
ia  very  close.  Confidence  in  the  general  accuracy  of  the  map  and  in 
the  amount  of  the  land  uplift  ia  based  on  the  practical  accordance  of  u 
multitude  of  phenomena  over  the  whole  area  and  the  correlation  with  the 
neighboring  territory. 


FiOUBE  l.—Poil-aiatial  Vpllft  of  Hortlicastern  Amtiica 

Tbe  Hues  ludlc&(».  Id  leet,  Cb«  amoant  o(  land  uplift  following  the  meltiDg  of  the 

Quebec  (Labrador)  Ice-sheet. 

The  map  indicates,  what  theory  seems  to  require,  the  more  extended 
deployment  or  farther  piihh  of  the  glacier  on  the  land  areas  {81,  page 
801),  and  shows  a  slight  lobation  to  the  southeast,  over  the  islands  aod 
Cape  Cod.  It  is  possible  that  the  lobation  of  the  Ire-sheet  over  thi) 
sector  was  greater  than  the  map  suggests. 
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Figure  3  shows  in  a  generalized  way  the  drowned  areas  at  the  maxi- 
mum submergeDce ;  but  the  flooding  here  shown  did  not  prevail  at  any 
one  period  of  time.  The  progressive  land  uplift  had  probably  raised 
some  of  the  southeastern  territory  out  of  water  while  the  ice-sheet  wua 
yet  resting  on  the  northern  part  of  the  area,  * 

As  most  of  the  large  area  is  hilly,  and  some  with  high  relief  and  with 
many  interlacing  valleys,  it  is  impossible  in  a  sketch  map  to  indicat<; 
the  submergence  with  accuracy.  In  the  widely  Hooded  areas  there  are 
many  hills  which  stood  as  islands.  For  the  depth  of  submergence  com- 
parison should  be  made  with  the  map  of  isobases,  figure  2. 

Arkal  Desckiption' 
in  obveral 

The  submergence  phenomena  of  a  few  districts  deserve  brief  descrip- 
tion, even  if  involving  some  repetition  of  facts  already  stated.  One  area 
not  strictly  covered  by  the  title  of  the  paper  requires  notice — that  of 
Mount  Desert,  Maine. 

OOySECTICVT  r ALLEY 

Flooding. — This  valley  was  flooded  by  eetnarine  waters  to  South 
Lunenburg,  Vermont.  The  lower  silt  plains  are  a  conspicuous  topo- 
graphic feature.  The  higher  and  more  sandy  stretches  are  less  promi- 
nent, but  evident  as  standing- water  products  when  their  nature  and  rela- 
tionship are  recognized.  All  streams  pouring  into  the  estuary  built  ■ 
deltas  at  the  hi^est  level;  and  these,  with  some  shore  phenomena,  record 
tlie  full  amount  of  the  submergence.  The  heaviest  gravel  bars  seen  by 
the  writer  are  at  Portland,  Connecticut,  with  altitude  220  feet,  and  at 
Bradford,  Vermont,  with  altitude  660  feet. 

In  Massachusetts. — The  Connecticut  Valley  is  the  only  ground  in  tha 
western  part  of  the  State  which  stood  low  enough  to  be  immersed  in  the 
sealevel  waters.  The  evidence  of  the  high-level  waters  was  shown  an.l 
the  deposits  mapped  by  Professor  Emerson  long  before  the  writer  begari 
this  study  of  continental  movement.  The  writer  has  examined  a  suffi- 
cient number  of  localities  to  prove  the  fact  that  on  every  stream  which 
poured  from  higher  ground  into  the  valley  estuary  a  delta  was  built  at 
the  summit  marine  plane. 

Professor  Emerson  made  the  summit  water  plane  400  feet  at  the  north 
line  of  the  State  and  288  feet  at  the  south  lino.  Recent  study  by  the 
writer  requires  that  these  figures  be  raised  about  10  feet. 

A  good  example  of  stream  delta  built  in  the  f'onnecticut  estuary  is 
found  on  Millers  River,  at  Millers  Falls,  on  the  Warwick  and  Oreenfield 
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sheets.  The  village  lies  in  the  valley  eroded  out  of  the  delta,  which 
spreads  mainly  to  the  southwest,  where  it  forms  an  extended  gravel  plain 
with  elevation  340  to  350  feet.  An  area  of  kettles  with  sharp  relief 
includes  the  Green  and  Great  ponds.  West  of  the  village  the  delta  has 
altitude  by  the  map  of  360  feet,  with  its  back  slope  rising  to  370  feei, 
above  which  is  a  kame  area  at  over  400  feet.  East  of  the  village  a  dis- 
tributary channel  heads  on  the  plain  at  about  365  feet  and  lies  along  the 
sonth  side  of  the  delta,  against  the  rock  wall.  A  remnant  of  tlic  delta 
by  the  railroad  station  is  340  feet,  usiag  the  Fitchburg  Railroad  a* 
290  feet. 

Passing  eastward  up  the  valley  of  Millers  River,  remnants  of  the  ■ 
aggraded  delta  which  once  filleil  the  narrow  gorge  are  occasionally  seen, 
rising  to  about  390  feet  at  Farley,  where  a  goiul  plain  marks  the  delta 
head.     Above  Farley  only  glacial  gravels  are  seen. 

The  estuary  plains  south  of  Millers  Falls  may  be  seen  in  Emerson's 
maps,  and  the  standing  water  summit  will  closely  agree  with  our  map, 
figure  Z. 

In  Connecticut. — Xo  thorough  examination  has  been  made  of  the  en- 
tire valley  in  Connecticut,  but  iu  addition  to  former  observations  two 
critical  districts  have  been  recently  studied.  One  is  the  east  wall  of  tlu- 
valley  in  the  Hartford  district,  shown  in  the  Tolland  sheet.  The  Hocka- 
inim  River  is  the  principal  stream,  and  its  delta  is  found  at  Rockville, 
with  altitude  about  370  feet,  which  is  almost  the  height  of  the  marine 
summit.     The  estuarj-  shore  is  quite  distinct. 

The  other  district  is  the  Farmington-Quinnipiac  Valley.  This  inter- 
esting valley,  which  carries  a  middle  stretch  of  the  Farmington  River 
and  the  lower  Pequabuck  and  the  upper  Quinnipiac  rivers,  was  flooded 
by  a  braiich  of  the  Connecticut  estuary.  The  uplifted  marine  plane 
rises  from  235  feet  at  Plantsville  to  240  feet  at  Bristol  and  250  feet  at 
Farmington  (Meriden  sheet),  but  the  floor  of  the  valley  has  slight  differ 
ence  in  level,  and  the  singular  northward  turn  of  the  Farmington  Rive>- 
at  Farmington  and  of  the  Pequabuck  at  Plainville  requires  explanation. 
The  present  divide  between  the  Pequabuck,  flowing  north  to  the  Farm- 
ington, and  the  Quinnipiac,  flowing  southward,  is  at  Plainville,  on  a 
smooth  gravel  plain  with  altitude  180  feet.  The  Pre-Glacial  drains^.: 
of  all  the  valley  was  southward  (see  Manual  of  the  Geology  of  Connec- 
ticut, Bulletin  Xo.  fi,  Connecticut  Geological  Survey).  The  explanatim. 
of  the  present  anomalous  flow  appears  to  be  found  in  diversion  by  the 
delta  filling  built  in  the  marine  estuary.  The  sweep  of  the  earlier  river 
nirrents  durinjr  the  marine  flood  was  southward,  and  the  earliest  and 
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lieaviest  load  of  detritus,  especiall>  that  of  the  Fanuiiigton  lliver,  waa 
(Irifti'd  southward.  The  delta  of  the  Pequabuck  Itiver  in  the  highest 
water  was  built  at  Uie  edge  of  the  highland  southeast  pf  Bristol.  This 
splendid  delta,  with  altitude  240  feet,  carriers  the  head  of  Eightmilt; 
Jtiver  and  the  kettle  which  holds  Ijake  (.'ompounce.  When  the  land  rose 
and  the  Pequabuek  extended  its  flow  to  Plainville  the  heaviest  accumu- 
lation was  yet  southward  in  the  restricted  estuary,  now  at  180  to  200 
feet.  As  the  estuary  waters  gave  place  to  rivers  the  Pequabuek  River 
was  obstructed  by  its  own  delta  and  was  diverted  northward,  on  the 
weaker  side  of  the  delta.*  It  should  be  noteil  that  no  heavy  tributary 
juiiis  the  Famiington  Kiver  north  of  the  Pequabuek. 

At  and  below  the  summit  marine  plane  the  evidence.-s  of  standing  water 
in  the  great  valley  are  profuse.  Many  deltas  of  weak  streams  lie  along 
the  valley  walls.  A  good  locality  is  the  flank  of  the  Bristol  highland 
the  whole  length  of  the  Meriden  quadrangle.  Good  delta  terraces  are 
suggested  at  Mixvillc  and  at  Marion  and  northward  to  Compouncc 
Pond;  also  at  Polkville  north  of  Bristol.  The  summit  delta  plain  ct 
Bristol  is  Iiandsome.  The  smooth  gravel  plain  abuts  sharply  against 
the  Bristol  hills,  with  clear  limits.  The  improved  road  leading  nort'i 
from  the  mouth  of  the  gorge  is  on  the  contact  between  rock  and  till  on 
the  west  and  tlie  delta  plain  on  the  east.  An  important  fact  is  that  here 
the  materia]  of  the  delta  is  only  sand,  while  south  of  the  river  it  is 
gravel.  The  apex  of  the  delta  at  the  mouth  of  the  river  gorge  is  about 
■i-lS  feet,  according  to  the  Meriden  sheet.  The  broad  plain  east  and 
south  is  240  feet,  which  is  taken  as  the  summit  marine  level. 

The  singular  ridge  along  the  east  side  of  Compounce  Pond  appears 
lo  be  a  strip  of  the  delta  deposited  between  ice  blocks.  The  top  shows 
similar  height  and  s!o[)c  as  the  adjiwent  delta  ]»lain. 

flTCHBFHQ  DISTRICT 

Passing  eastward  from  Millers  Falls,  by  the  Fitchburg  Bailroad,  over 
the  highlands,  we  drop  to  the  marine  level  at  Fitchburg.  Here  is  the 
delta  filling  of  Whitman  River  and  Baker  Brook.  The  altitude  of  the 
marine  level  is  taken  as  about  400  feet  (the  threshold  of  the  railroad 
station  being  440.66  feet). 

Abundant  evidence  of  the  standing  water  is  seen  east  of  the  city,  in 
the  valley  holding  Baker  Brook  and  in  the  broader  valley  southeast  of 
the  city.     The  Lundcnhnrg  State  road  will  lead  the  observer  across  the 

•  A  KomI  ciarorile  of  Blmllnr  diversion  \*  (hat  ot  dip  Iromohawk  River  on  the  Sch»nei- 
tadr-Alban}-  delta    {19..  page   1Z>. 
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Baker  Brook  Valley,  where  the  submerged  plains  of  fine  material  are 
coDspicaous  at  about  390  feet.  Southeast  of  the  city,  toward  South 
Fitchbnrg,  the  valley,  some  three-fourths  mile  vide,  was  entirely  filled 
with  gravel,  the  benches  on  the  valley  sides  being  390  feet  and  over. 
The  Saint  Bernard  Cemetery  is  on  a  rolling  gravel  plain  at  41'^  to  415 
feet,  which  is  probably  a  remnant  aggraded  above  the  estuary  level.  On 
the  Duck  Mill  road,  just  below  the  railroad,  a  bench  of  coarse  gravel  is 
excavated  at  390  feet.  Excellent  plains  lie  along  the  Mack  road  parallel 
with  the  railroad.  Bakers  Pond  lies  in  a  broad,  lower  plain  with  height 
370  to  380  feet.  The  summit  of  the  gravel  deposits  is  seen  both  north 
and  south  of  Youngs  road,  east  of  the  pond,  with  altitude  up  to  410  fee!, 
Four  miles  southeast  of  Fitchbnrg  the  city  of  Leominster  is  on  tlis 
delta  of  Monoosnoc  Brook  at  about  390  to  400  feet.  Leaving  the  North 
Nashua  Hiver  at  North  Leominster  and  passing  east  to  Ayer,  evidence  of 
standing  water  is  common  at  elevations  below  390  feet,  in  smoothed  sur- 
faces and  detrital  plains.  At  higher  levels  are  kames  and  glacial  de- 
posits. At  Shirley  are  wide  plains  of  inferior  level,  about  280  feet,  anJ 
at  Ayer  at  240  to  260  feet.  Much  of  the  area  of  Camp  Devens  is  roll- 
ing sandplain  at  260  to  340  feet.  The  divide  east  of  Ayer,  between 
Nashua  and  Merrimac  drainage,  is  only  260  feet. 

VITEK   NASHUA    VALLST,   CLINTON   DtSTRIOT 

The  upper  part  of  the  Nashua  Valley,  in  the  towns  of  Boylston,  Wett 
Boylston,  and  Clinton,  is  the  only  valley  in  eastern  Massachusetts  with 
such  northward  direction  and  high  altitude  as  to  hold  glacial  lake  waters. 
Crosby  has  well  described  the  district  and  the  glacial  features  (58). 

With  the  ice  barrier  on  the  north  and  west,  the  early  escape  for  the 
impounded  water  was  by  the  channel  one  and  one-fourth  miles  soutli 
of  Boylston  Center  (on  the  west  edge  of  the  Marlboro  sheet),  whidi 
leads  south  to  Quiusigamond-Blackstone  drainage.  The  altitude  of  this 
pass  is  440  feet,  by  the  map,  being  about  80  feet  over  the  theoretic  marine 
level.  The  next  lower  pass  is  two  miles  south  of  Clinton  village,  lead- 
ing east  to  the  Assabet-Concord  drainage,  with  map  altitude  of  350  feet 
Crosby  makes  this  pass,  which  he  calls  the  "South  Dike"  outlet,  365  to 
375  feet,  which  is  as  high  as  the  marine  plane  at  this  point.  Even  with 
this  height  it  would  carry  outflow,  the  escape  of  Crosby's  Clinton  stage 
of  the  Nashua  glacial  waters  (68,  page  318).  The  next  lower  pass  ■■■^ 
at  Aver,  with  altitude  only  250  to  260  feet,  and  it  was  drowned  under 
140  feet  of  standing  water. 

The  prominent  sandplain  two  miles  north  of  Boylston  Center,  with 
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altitude  400  feet,  is  the  only  confipicuous  plain,  which  etandB  bo  muoli 
above  the  marine  level  as  to  be  wholly  credited  to  glacial  waters. 

The  most  extensive  and  interesting  static-water  deposits  in  the  dis- 
trict are  the  wide  plains  about  Clinton  village.     Crosby  writes: 

"...    tile  CUntoa  ptalns,  which  are  nnquestlonablr  equal  in  Interest  ti> 
all  tbe  rest  oC  the  mmillled  drift  of  tbe  Nashua  Valtey"    .    .    .     (B8,  p^e 


The  Clinton  plains  lie  west,  north,  and  east  of  the  village.  The 
cemetery  on  the  west  edge  of  the  village  is  contoured  at  360  feet,  while 
the  extensive  plain  farther  west,  traversed  by  the  railroad  and  the 
Sterling  road,  is  380  feet  on  the  south  of  the  roads  and  360  feet  on  thd 
north.  East  of  the  village,  toward  Bolton  Station,  the  railroad  cuts 
another  plain  with  height  about  360  feet. 

Apparently  the  whole  width  of  the  valley  at  Clinton  was  filled  with 
detritus  from  340  to  380  feet.  The  theoretic  marine  level  is  about  375 
foet  by  the  map  of  isobases.  Possibly  the  higher  deposits  may  be 
credited  to  Crosby's  Clinton  stage  of  the  glacial  waters  befor*  the  South 
Dike  outflow  had  cleared  the  paas;  and  possibly  the  mariBe  plane  is 
higher  than  indicated  in  the  map.  The  inferior  plains  certainly  repre- 
sent sealevel  waters,  which  entered  the  net  of  valleys  from  the  south 
and  southeast. 

As  the  ice-front  receded  the  oceanic  waters  took  possession  of  the 
broad  valley  northward,  toward  Ayer,  and  aa  the  land  rose  out  of  the 
water  the  smooth  stretches  of  sand  and  silt  were  formed  at  inferior 
levels,  producing  the  plains  down  (northward)  the  Nashua  Valley 
toward  Ayer  and  up  the  valley  of  the  North  Nashua  toward  Fitchburg. 
The  villages  of  Lancaster,  South  Lancaster,  and  Lancaster  Commons 
stand  on  wave-leveled  tracts.  The  oceanic  waters  covered  the  region 
before  any  measurable  uplift  had  occurred,  as  indicated  by  the  full- 
height  deltas  at  Pitchburg  and  northward  in  New  Hampshire.  The 
horizontal  deposits  at  all  altitudes  below  the  plains  at  Clinton  indicate 
long-lived  and  very  slowly  falling  water  (relative  to  the  land)  and  could 
not  be  produced  in  any  glacial  lake  waters. 

B0ST0\Wf:l.LE8LBTABHl.A!iD  DISTRICT 

The  steep  hills  of  rock  and  the  coarse  drift  about  Boston  were  un- 
favorable for  registering  conspicuous  standing-water  phenomena,  and 
it  is  not  surprising  that  the  fact  of  recegt  deep  submergence  has  not 
been  generally  recognized.     The  inconspicuous  evidences  exist  and  are 
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the  same  as  those  found   in   New  York  and   Vermont  under  similar 
conditions. 

The  rock  and  drift  hills  exliibit  denuded  slopes  and  softenctl  or 
smoothed  surfaces,  silted  hollows,  and  horizontal  lines  of  the  water  de- 
posits against  steep  and  irregular  slopes.  Massive  kamcs  will  usiially 
show  evident  effects  of  wave-work. 

The  territory  southwest  of  Boston  plainly  shows  the  effects  of  stan*!- 
iiig  water  as  the  latest  occupant  of  the  region.  From  sealevel  up  t.) 
200  feet  detrital  plains  are  common.  They  have  been  referretl  to  glacial 
Likes  (57,  66,  67,  68,  73).  As  all  the  region  lies  open  to  the  sen.  it  is 
only  by  violent  assumptions  that  effective  harriers  can  be  erected.  The 
plnins  occur  at  all  levels,  which  is  quite  unlikely  for  waters  held  up  by 
ice  barriers,  as  such  waters  are  t«o  ephemeral  and  local  to  produce  .wries 
of  declining  levels.  This  is  well  illustrated  by  Clapp's  figures  for  the 
sandplains  in  the  supposed  glacial  Lake  Charles  (68,  page  202).  His 
list  includes  3(1  plains,  ranging  from  60  feet  in  altitude  up  lo  270  feet, 
the  greater  number  being  150  and  170  feet,  with  some  at  2U0  feet.  The 
several  difficulties  which  he  admits — the  presence  of  boulders  of  sucli 
large  size  as  to  be  inconsistent  with  work  of  rivers  and  shallow  watei-s 
(page  208),  the  wide  distribution  of  plains  with  the  same  level  in  both 
the  Sudbury  and  Concord  valleys  (page  210),  and  the  high  plains  at 
270  feet  (page  212) — all  disappear  with  continental  uplift  out  of  waters 
confluent  with  the  sea. 

Tlie  villages  of  Wellesley,  Xatick,  Cochituate,  South  Franiingliani, 
and  Ashland  are  on  plains  higher  than  the  lowest  pass  to  sontliward  flow. 
This  pass  lies  two  miles  south  of  Natick  and  one-half  mile  west  of  Morsi'- 
ville,  with  altitude  140  feet.  This  rules  out  ice  barriers  on  the  north, 
and  the  direction  of  glacier  flow  over  the  region  makes  ice  barriers  on 
the  seaward  side  quite  impossible. 

The  hills  of  the  district  which  are  high  enough  to  register  the  summit 
marine  waters  are  mostly  isolated,  steep,  and  in  forest;  but  some  weak 
evidence  of  the  summit  wave  action  should  be  found.  Examination  of 
the  Nobscot  Hill  mass,  five  miles  north  by  west  of  South  FramtnghaiQ. 
will  probably  find  deltas  on  the  streams  from  higher  ground  at  about 
330  feet. 

DELTA    Of  BLAVKSTOXE    RIVER 

The  two  larger  rivers  witli  southward  flow  from  unsiibniergod  ground 
arc  the  Blackstoue  and  the  Quinebaug.  The  delta  of  the  latter  Is  in 
Connecticut  and  will  he  mentioned  later.  The  delta  of  the  Blaekstone 
\»  found  in  gowl  form  at  Saundcrsvillo,  combined  with  the  deposits  of 
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the  Quinsigigmuiid  Itiver.  The  delta  of  the  latter  occupies  the  valley 
west  of  Grafton,  extending  from  Goddard  Pond  south  to  the  junction 
with  the  Blackstoue  Valley.  The  Blackstone  delta  forma  extensile 
plains  north  of  Saundersville,  and  is  graded  up  stream,  westward,  paet 
Wilkinsonville.  The  full  height  of  the  delta  at  Saundersville  is  at  leafet 
;t:!iP  feet.  The  railroad  station  is  on  a  plain  at  about  315  feet,  but  a 
go<Kl  terrace  near  by  ia  15  feet  higher.  The  plains  on  the  north  are 
inferior  and  are  complicated  with  effects  of  artificial  ponding.  Going 
northward  the  ataticwater  features  can  be  seen  from  the  hi^way  toward 
tirafton,  crossing  the  Quinsigiamond  Iliver.  At  the  crossing  of  the  river, 
on  the  west  side,  is  a  good  terrace  at  about  3.30  feet.  Between  the  two 
rivers  the  road  Hch  along  the  west,  or  rear,  edge  of  the  detrital  plain  with 
altitude  nf  330  to  335  feet,  by  the  map. 

BIlAKOXFOXBOKOMHKXrllAV    FLAISg    IDEDHAil    AYD    FRA\KLiy    aHBBTB^ 

In  the  southern  part  of  Norfolk  County  ia  a  series  of  sandplains  of 
much  importance  in  this  study.  They  lie  precisely  on  the  main  divide 
between  north  and  south  drainage,  and  can  not,  therefore,  by  any  reason- 
iible  theory  be  attributed  to  glacial  lake  waters.  Whether  interpreted 
as  ouWash  plains  or  as  erosion  plains,  they  are  certain  proof  of  standing 
water.     Their  altitude  is  pratieaily  that  of  the  marine  summit  level. 

The  village  of  Sharon  is  on  a  hill  of  till  which  has  its  south  end  wave- 
cut  at  300  feet,  by  the  map,  which  is  the  theoretic  figure  for  the  total 
uplift  at  this  point.  IjCSS  than  a  mile  southwest,  toward  Sharon  Heightii, 
is  the  north  edge  of  the  most  e.xtcnsive  summit-level  sandplain  found  in 
Maasachuactts.  The  elevation  here  is  about  285  feet.  An  extensi»'e 
I'xcavation  for  gravel  has  been  made  by  the  railroad. 

Along  the  improved  highway  toward  Foxboro  the  level  plain  extends 
unbroken  for  two  and  one-half  miles,  with  altitude  385  to  290  feet. 
The  marine  level  is  about  300  feet.  The  10  feet  depth  of  water  per- 
mitted effective  leveling  of  the  glacial  gravels  by  wave  and  tide.  Ap- 
proaching the  creek  south  of  Billings  Pond,  kames  and  kettles  occur  at 
a  level  inferior  to  the  plain.  East  of  the  Neponset  Reservoir  the  ground 
at  320  feet,  is  stony  and  unaffected  by  wave-work.  Dropping  toward 
.'iOO  feet,  the  surface  ia  a  rolling  gravel  plain,  with  some  kettles  and 
unieveled  kames;  but  falling  to  300  feet,  approaching  the  Catholic 
cemetery  aiid  the  four  corners,  the  plain  is  very  smooth  and  cultivated. 

.\t  the  northern  edge  of  Foxboro  village,  corner  of  Pleasant  Street,  a 
stream-filling  lies  at  300  feet.  Above  that  level  the  gravel  knolls  art 
not  eroded.  Exposed  granite  bosses  carry  glacial  scoring,  with  directio; 
northwest  by  southeast. 
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Northwest  of  Foxboro  is  a  plain  contoured  up  to  300  feet.  Above  that 
level  is  a  heavy,  unaffected  moraine,  the  limit  of  wave-work  being  fairly 
clear.  Going  west  toward  Wreiitham  the  surfaces  below  300  feet  are 
water-laid  materiak,  with  several  gravel  pits.  The  morainal  ridge 
crossed  by  the  electric  railway  shows  wave  erosion  at  300  feet,  with 
numerous  boulders. 

West  of  Wrentham  village  is  an  extensive  kame  area,  leveled  by  waves, 
which  includes  Archers  Pond  and  Lake  Pearl  (Whiting  Pond  of  the 
map).  The  amusement  ground,  called  "Lake  Clear,"  is  between  the  two 
lakes  and  on  a  kettled  plain  at  about  250  feet.  Northwest  of  Lake  Pearl 
the  surface  is  kamy  and  unleveled,  but  approaching  Franklin  the  sur- 
faces at  360  to  380  feet  are  smoothed ;  but  a  mass  at  over  300  feet  h 
unaffected  moraine. 

Southeast  of  Foxboro,  toward  Mansfield,  the  inferior  plains  are  280 
to  300  feet,  the  village  being  on  a  plain  at  180  feet 

SOVTBaiSTBRS  LOWLANDS 

Southeast  of  the  Blue  Hill  Bange  and  the  summit  plains  of  Sharon- 
Foxboro  the  land  is  below  the  summit  marine  level  and  has  recorded  in 
wave-work  only  that  of  the  shallowing  waters.  Exceptions  are  the  hills 
in  Plymouth,  a  few  high  points  in  Falmouth,  and  the  highest  land  of 
the  Cape  Cod  Peninsula. 

The  numerous  "ponds"  in  the  lowlands  doubtless  occupy  ice-bloct 
kettles,  which  suggest  the  loaded  and  anchored  condition  of  the  lower 
portion  of  the  thinning  ice-aheet.  The  intervening  land  spaces  are  wave- 
leveled  Bands  or  silts  or  wave-smoothed  drift. 

The  district  of  Plymouth  is  kame-moraine,  extensively  smoothed  by 
wave-work.  The  horizontal  lines  are  conspicuous.  From  any  command- 
ing point— the  top  of  the  Hotel  Pilgrim,  for  example — the  levels  show 
in  all  landward  directions,  at  100  to  120  feet  elevation.  The  numerous 
lakes  occupy  kettles  in  the  drift  which  escaped  filling.  Judging  from 
the  topographic  maps,  the  surfaces  of  the  Plymouth,  Abington,  and 
Duxbury  quadrangles  will  show  abundant  evidences  of  standing  water. 

The  water-laid  deposits  on  Manomet  Hill  have  been  described,  page 
608. 

The  inferior  smoothed  and  leveled  tracts  are  too  abundant  and  well 
recognized  to  require  description.  A  good  display  of  sandplains  is  seer; 
along  the  electric  railway  from  Plymouth  to  Brockton.  At  Kingston 
and  westward  is  a  wide  plain  at  100  feet;  at  Oakland  Square,  one  with 
kettles  at  over  100  feet ;  at  Mayflower  Grove  a  tract  of  leveled  kames 
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wiHi  kettles;  at  Bryaiitville  a  rolling  plain  at  100  feet;  and  at  Bonne>' 
Hill  a  smoothed  ridge  at  140  feet.  It  is  probable  that  the  sites  of  most 
of  the  villages  have  been  determined  by  plains  with  better  drainage. 

BARNBTABLB   AXD    CAPE   COD 

Besides  the  argument  supplied  by  the  neighboriug  territory  for  lower 
altitude  of  the  moraine  belt,  there  are  intrinsic  evidences  of  submergence : 

1.  Superficial  stratified  sands  and  gravels  at  high  levels  or  the  fre- 
quent stretches  of  horizontal  water-laid  deposits. 

2.  Areas  leveled  by  wave-work,  shown  conspicuously  by  the  horizontal 
lilies  in  many  landscapes.  The  hill  summit  at  Woods  Hole,  used  for 
the  golf  links,  is  leveled  at  about  130  feet.  Two  miles  south  of  Barn- 
stable village  is  a  wide  grave!  plain  at  80  feet  (47,  page  94).  All  of 
the  Cape  Cod  Peninsula  shown  by  the  Wellfleet  and  Provincetown  sheets 
has  the  hilltops  wave-planed.  The  Highland  Light  plateau,  at  Nortii 
Truro,  has  been  mentioned.  On  the  massive,  stony  moraines  the  wave- 
eroded  surfaces  are  not  common  in  such  form  as  to  be  unequivocal  and 
are  elusive  features,  which  can  be  seen  when  sought  and  may  be  unrecog- 
nized or  ignored  when  not  in  harmony  with  the  student's  theory. 

3.  The  prevailing  compact  and  unassorted  structure  'of  the  lower 
gravels.  These  lack  the  bedding  which  is  quite  inevitable  in  shallow- 
water  deposits.  Subsequent  wave-work  in  the  shallowing  waters  has 
produced  some  stratification  of  the  surfaces. 

4.  The  subdued,  billowy  aspect  of  the  heavier  moraine.  The  hills  and 
knolls  usually  lack  the  harshness  and  asperity  commonly  seen  in  land- 
laid  moraines.  Of  course,  this  feature  is  comparative  and  the  personal 
judgment  requires  experience  in  different  fields. 

An  argument  against  submergence  might  be  found  in  the  existence  oF 
considerable  irregularity  of  surface  or  topographic  relief,  not  only  in 
the  stony  moraine  tracts,  but  in  the  sandy  Cape  Cod  belt.  It  might  bo 
asked,  how  such  irregular  surface  of  sand  and  gravel  could  persist  in  the 
face  of  the  open  sea  while  emerging  from  the  water.  The  answer  in- 
volves some  factors  of  the  geologic  dynamics: 

(1)  The  relief  was  not  nearly  as  great  when  the  planing  occurred, 
but  has  been  increased  by  the  subsequent  slumping  due  to  late  meltin" 
of  buried  ice  blocks.  The  presence  of  many  and  large  kettles  is  not  an 
argument  against  submergence,  but  in  its  favor,  since  it  appears  that 
the  melting  of  buried  ice  is  very  slow  until  the  deposits  are  exposed  to 
the  air  (74,  page  238).  Kettles  appear  to  be  much  more  abundant 
in  moraine  and  kame  areas  laid  under  standing  water. 
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{'i)  The  zone  of  the  wave  attack  was  constantly  shifting  iliiriiig  the 
rise  out  of  the  sea. 

(;j)  The  inhibiting  effect  of  sandy  slopes  (77,  page  301)  and  cf 
boulder-studded  surfaces  was  considerable.  However,  we  do  see  evi- 
dence of  erosion  that  was  not  done  at  the  present  land  level.  The 
valleyH  in  Tniro  and  Wellfleet  across  the  belt  of  land  are  apparently  the 
effect  of  marine  erosion. 


The  summit  level  of  the  Blackstone  River  has  been  described.  Esam- 
iuation  of  the  valley  below  Saundersville  will  find  the  inferior  plains. 
The  city  of  Providence  is  built  on  the  lowest  plains,  mostly  less  tiiaii 
100  feet  altitude. 

The  theoretic  figures  for  the  Providence  quadrangle  arc  295  feot  for 
the  northwest  corner  and  255  feet  for  the  southwest  comer.  The  city 
of  Woonsocket  lies  just  over  the  northwest  comer  and  on  the  Burrill- 
ville  quadrangle.  Southeast  and  south  of  the  city  is  a  handsome  gravel 
plain  with  altitude  290  feet.  This  is  reached  by  the  electric  railway 
leading  to  Providence,  The  south  edge  of  the  plain  is  a  mile  south  of  the 
city,  at  the  junction  of  Park  Avenue  and  Smithfield  Street,  where  this 
railway  has  an  excavation  for  gravel.  The  plain  is  here  utilized  for  a 
race-track.  The  plnin  extends  northeast,  abutting  against  wave-washed 
rock  slopes.  Northward  it  becomes  irregular  in  surface,  of  varied  codi- 
position  and  including  boulders.  It  is  a  typical  outwash  plain,  laid  at, 
practically,  the  marine  summit. 

At  tlie  southwest  corner  of  the  Providence  quadrangle  lies  another 
excellent  sandplain,  at  near  the  marine  summit.  Two  miles  west  of 
Knightsville  the  west-leading  road  climbs  by  a  cut  to  the  so-called 
"Dugaway"  hill  and  for  a  mile  lies  on  a  level  plain.  The  altitude  is 
240  feet,  representing  perhaps  15  feet  of  submergence.  The  plain  ter- 
minates westward  against  a  rocky  morainal  slope  nn  the  edge  of  thv 
Burrillville  sheet,  where  a  cliff,  bare  ledges,  and  a  boulder  field  mark  th" 
shoreline. 

The  Xeutaconkanut  Hill  and  Park,  a  mile  west  of  Olneyville,  is  au 
example  of  a  wave-washed  hill.  The  bare  rock  summit  is  260  feet,  jusi 
about  the  summit  water  level.  The  drift  has  been  swept  off  and  rinsed 
down  the  slopes.  Almost  no  foreign  stones  remain  on  the  east  and  south- 
east side,  where  exposed  to  heavier  storm  waves,  but  on  the  sheltered 
sh)|>es  foreign  boulders  are  piled  with  the  native  rocks. 

Many  inferior  plains  are  noted  in  the  Providence  district.  The  north 
part  of  Olneyville  litis  been  widely  excavated  for  gravel  up  to  IfiO  feci. 
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Westward  the  ground  has  been  smoothed  at  200  to  220  feet.  Nearly  all 
the  surfaces  below  100  feet  are  sand. 

In  the  district  of  Pall  River  the  wave-work  was  erosional  on  the  hills 
of  massive  and  very  stony  moraine.  The  Townsend  Hill,  three  miles 
southeast  of  the  city,  clearly  shows  wave  action  up  to  330  feet,  the 
theoretic  limit.  Less  evident  features  occur  on  the  west  aide  of  Pocasset 
Hill. 

The  evidence  of  the  recent  rise  of  the  Mew  England  coast  is  plainly 
seen  from  the  railroad  between  Providence  and  New  London,  in  numer- 
ous plains,  up  to  height  of  160  feet.  The  southeast  portion  of  the 
Kent  sheet  indicates  deltas  of  south-flowing  streams  at  the  summit  level, 
210  to  215  feet.  Good  deltas  should  be  found  in  the  valley  of  Woo<l 
lliver,  the  southwest  portion  of  the  Kent  qua<lrangle,  at  the  theoretii- 
levels. 

EASTERX  COSXECTICIT 

All  the  drainage  of  eastern  ('onnecticut  is  southward,  mostly  being 
^thered  into  the  Thames  River.  Numerous  fillings  of  standing  water 
lie  in  the  region,  and  are  conspicuous  by  contact  with  the  rough  and 
stony  hills. 

Three  miles  northwest  of  New  London  is  an  excellent  outwash  plain, 
locally  known  as  the  "Mile  Plain,"  which  carries  the  Kenyon  green- 
houses. It  rises  from  160  up  to  180  feet.  Excavations  show  the  fine 
horizontal  bedding.  Kettles  occur  at  165  to  170  feet,  and  the  sharp 
limit  against  the  stony  till  is  175  to  180  feet.  The  marine  summit  is 
about  300  feet. 

Between  New  Ijondon  and  Norwich,  along  the  Thames  estuary,  many 
elevated,  but  inferior,  plains  are  seen,  from  90  to  160  feet.  Examina- 
tion of  the  lateral  vallej-s  will  discover  summit  plains  at  higher  levels. 

Plains  in  the  western  part  of  Norwich  are  100  to  120  feet  altitude, 
while  the  valley  of  Yantie  River,  west  of  the  city,  holds  evidences  of 
.standing  water  from  300  to  320  feet.  The  Norwich  sheet  suggests  ii 
wide  valley  filling  five  miles  west  of  the  city,  at  Bozrah  Street,  in  the 
valley  of  Gardner  Brook  at  200  feet  and  220  at  the  valley  liead. 

The  Quinebaug  River,  with  a  large  drainage  area  extending  into 
Massachusetts,  holds  very  heavy  delta  deposits.  These  begin  at  Jewett 
City  and  are  heavy  in  the  open  stretches  of  the  river  valley  and  tributary 
valleys  to  Putnam.  The  writer  has  traced  them  as  far  north  as  Killingly 
(Dayville).  Careful  measurements  will  determine  the  summit  levels  as 
abont  24(1  feet  at  Jewett  Citv,  250  at  Plainlicid,  260  at  Wanregan,  275 
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at  Eillmgly,  and  285  to  390  at  Futoam.  At  or  above  Patnam  the  gravels 
will  be  found  aggraded  above  tlie  marine  plane. 

I'he  Willimantic  and  Xachaug  rivers  unite  by  the  city  of  Willimantic, 
which  stands  on  the  lower  plains  of  the  combined  delta.  The  Nachaug 
delta  lies  northeast  of  the  city,  where  the  railroad  to  Boston  has  a  deep 
cut  in  the  gravel  plain,  contoured  at  360  feet.  On  the  west  side  of  the 
river  the  edge  of  the  detrital  filling  lies  along  or  just  below  Ash  Streut 
for  one  and  one-half  miles.  The  junction  of  Ash  and  Jackson  streets 
•  is  on  the  border  of  the  plain,  with  altitude  about  255  feet.  The  theoretic 
marine  plane  is  here  260  feet. 

The  delta  of  the  Williiimntic  River  lies  west  of  the  city  toward  South 
Coventry,  where  plains  fill  the  entire  width  of  the  valley  at  about  210 
fpct.  In  the  west  cdf;e  of  the  city,  by  the  cemetery,  the  plain  is  eon- 
toured  at  260  feet.     This  district  deserves  careful  study. 

iiovKT  DBsenr.  u.ii\E 

In  this  study  of  recent  change  of  laud  level  Mount  Desert  has  peculiar 
interest  because  of  the  writings  of  Professor  Shaler,  and  the  eastern  part 
of  the  island  has  been  examined.  No  one  could  reasonably  appeal  to 
glacial  waters  on  the  steep  coast,  and  standing-water  phenomena  are 
positive  proof  of  submergence.  Because  Professor  Shaler  carried  sup- 
posed wave-work  to  a  height  of  1,300  feet,  it  is  apparent  that  discrimina- 
tion in  the  study  is  necessary  and  the  criteria  should  be  considered. 

On  rock  hills,  especially  of  crystallines  like  those  of  the  island,  wave- 
work  of  brief  submergence  can  not  be  conspicuous.  The  standstill  was 
not  long  enough  at  any  level  to  allow  benching  in  the  rock,  and  any 
fainter  inscriptions  are  likely  to  be  destroyed  by  the  thousands  of  years 
of  exposure  in  the  severe  climate.  On  the  hills  the  most  probable  evi- 
dptice  of  submergence  is  the  rinsing  effect  of  storm  waves — the  removal 
of  the  glacial  drift  from  the  rock  surfaces.  Even  this  may  be  difficult 
of  d el ormi nation,  especially  in  the  forest  after  frost-work  has  riven  th' 
ledges  and  snow  and  ice  and  tree  roots  have  dislocated  and  shifted  tho 
loosened  blocks.  A  safe  criterion  is  the  nature  of  the  material.  The 
weathering  produces  angular  material  of  the  ledge  rock,  to  be  discrimi- 
nated from  glaciated  and  foreifru  stones.  At  high  altitudes  the  atmos- 
pheric work  may  denude  the  steeper  slopes  of  all  drift  except  larger 
hlocks,  but  the  presence  of  boulders  of  such  shape  or  position  that  thev 
could  have  been  tumbled  away  by  storm  waves  may  be  taken  as  proof  of 
lack  of  submergence.  On  the  other  hand,  stretches  of  bare,  level  rock,  or 
areas  with  little  slope,  whore  some  glacial  stuff  should  lie  if  the  are« 
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had  been  subjected  only  to  atmospheric  agents,  yet  destitute  of  drift, 
fflaj  be  regarded  as  .having  been  wave-swept;  and  surely  so  if  they  fall 
beneath  the  level  of  the  marine  plane.  For  example,  the  highest  pointa 
on  the  road  from  Seal  Harbor  to  Bar  Harbor  are  the  crossings  of  two 
rock  ridges  with  altitudes  of  S40  feet  by  the  map.  The  granite  ledges 
here  are  entirely  bare.  The  ice-sheet  must  have  rubbed  some  drift  into 
the  hollows  or  dropped  it  in  the  lee  of  ledgea.  Storm  water  could  rinsa 
o3  the  finer  stuil  and  leave  some  coarser  as  talus,  but  these  ledges  ha\o 
nothing  which  heavy  waves  could  joggle  off. 

With  reference  ia  the  constructional  effects  of  submergence — the  de- 
posits— we  may  postulate  the  following,  based  on  the  mechanical  con- 
ditions : 

(1)  Subglacial  till,  left  only  in  protected  places. 

(2)  Kames  or  glacio-aqueous  deposits  at  the  higher  levels  of  the  sea, 

(3)  Unassorted  gravel  and  sand  at  inferior  levels,  a  homogeneity  of 
heterogeneity  or  pell-mell  structure. 

(4)  Deltas  or  stratified  deposits,  of  glacial  outwash  only  at  tlie  sum- 
mit marine  level  and  of  land  drainage  at  the  summit  level  and  all  in- 
ferior levels. 

(5)  Silt  or  clay  in  sheltered  plneea  of  deeper  water  and  now  at  lower 
levels. 

(6)  Sands  over  silts  and  on  other  surfaces  protected  from  the  rinaiug 
work  of  waves  daring  the  land  uplifting, 

(i)  Possible  veneer  of  gravel  in  places  where  wave-work  on  the  rising 
land  was  competent  to  distribute  materials,  but  not  to  wholly  remove 
them, 

(S)   Wave-swept  bare  rocks  at  all  levels  beneath  the  marine  summit. 

Kxposures  of  number  1,  true  till,  are  found  in  road  cuttings.  This 
is  the  eubglacial  drift  which  was  left  either  in  deep  water  or  in  sheltered 
places.  The  englacial  and  superglacial  drift  was  dumped  from  the  ice- 
front  or  carried  out  by  the  drainage  to  produce  number  3  in  the  deeper 
waters  or  number  4  in  shallow  water.  The  rock  flour,  or  fine  suspended 
material,  was  swept  out,  some  of  it  being  left  as  number  5.  The  most 
common  deposits  are  the  pell-mell  gravels,  number  3.  Exploration  was 
uot  carried  far  enough  to  identify  number  2.  The  more  evident  and 
unequivocal  proof  of  the  standing  water  is  number  i. 

Evidence  of  submergence  was  first  sought,  not  on  rock  slopes  and 
exposed  headlands,  but  in  the  sheltered  valleys,  and  an  excellent  outwash 
plain  was  found  close  to  Seal  Harbor.  Passing  north  up  the  road  toward 
Jordan  Pond,  bedded  sands  are  found  from  scalevel  up  to  200  feet,     A 
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^riea  of  low  beeches  occur,  the  strougest  at  100  feet.  At  about  140  fetit 
hurizontal  gravel  overlies  finely  laminated  ailty  saiid,  and  the  gravel, 
with  imbedded  boulders,  continues  to  ISO  £eet.  After  a  loir  cliff  the 
irravels  continue  as  a  flat,  at  1T5  feet,  to  a  steep  clifT,  the  front  of  mi 
outvash  plain.  At  the  top  of  the  cliff,  on  the  west  side  of  the  road,  is 
the  village  cemetery,  occupying  perhaps  a  couple  of  acres,  perfectly 
level.  On  the  east  side  an  excavation  for  gravel  exposes  a  good  section 
of  delta  structure,  with  foreset  and  topset  beds.  The  top  of  the  pit  is 
the  height  of  the  cemetery,  and  tlie  plain,  at  300  feet,  extends  half  i 
mile,  to  Jordan  Pond.  The  width  in  the  forest  is  unknown,  but  it 
probably  fills  the  valley  between  the  Triad  on  the  east  and  Jordan  UilU 
on  the  west. 

This  plain,  with  its  declining  levels  and  its  structure  and  its  position 
facing  the  sea,  is  proof  of  submergence  to  300  feet.  It  does  not  repre- 
sent the  initial  water  surface,  and  the  fine  sands  .'■uggo't  considerable 
depth  of  water.  The  plain  is  not  connected  with  any  land  drainage  and 
was  glacial  outwash  under  perhaps  50  feet  of  water.  The  Jordan  Pond 
Hotel  stands  on  a  stony  plateau,  a  waie-awept  moraine,  by  the  map  20 
feet  higher  than  the  sandplnJn.  It  is  the  moraine  built  at  the  edge  of 
the  ice  which  supplied  the  outwash  for  the  sandplain. 

Along  the  roads  over  the  hills  east  of  Seal  Harbor  the  gravels  and 
sands  occur  up  to  over  235  feet  and  lie  yet  higher  on  the  County  Boad, 
reaching  to  240  feet  southwest  of  \ewport  Mountain.  The  water-iaid 
deposits  are  more  abundant  in  the  hollows  and  localities  screened  from 
heavy  waves  and  are  increasingly  abundant  at  lower  levels. 

Between  Seal  Harbor  and  Xorthcast  Harbor  plenty  of  standing-water 
phenomena  occur  at  high  levels.  Flying  Mountain,  two  miles  north- 
west of  the  latter  harbor,  shows  a  remarkable  flat  top  contoured  at  260 

Extensive  exploration  of  Mount  Desert  will  confirm  the  fact  of  sub- 
mergence to  about  251'  ttt  3fiO  feet  for  the  south  end  and  perhaps  300 
feet  at  tlie  north  end. 

Visits  have  been  made  to  Portland  and  Rockland  districts,  mid  con- 
Kjiicuous  effects  of  the  sea  are  fonnd  up  to  300  feet.  The  land  has  too 
high  relief  to  accept  and  pi-eserve  strong  evidences  of  wave-work  at  hig'i 
altitudes.  On  suggestion  of  Professor  Woodworth,  a  visit  was  made  to 
Klackstone  Hill,  some  eight  miles  north  by  west  from  Portland.  An 
excavation  in  stratified  gravels  occurs  at  about  280  feet  and  gravel  with 
in<luded  b<mlilers  at  300  feet.  The  oval  hill,  proliably  a  drumlin.  is 
siniMithwI  to  the  summit.  505  feet.     As  this  is  slightly  under  the  thert- 
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retic  marine  level,  it  Buggests  wave  erosion,  but  the  long-time  cultivatiou 
of  the  hill  makes  the  matter  equivocal.  Poplar  Hill,  three  miles  north 
of  Blackstone  Hill,  appears  decidedly  flat-topped,  as  if  truncated,  at 
473  feet.  The  valleys  of  the  district  are  partly  filled  vith  water  deposits. 
At  Bockland,  Bockport,  and  West  Bockport  the  ground  tip  to  300 
feet  is  clearly  wave-awept.  'A  mile  northwest  of  West  Bockport  an  ex- 
cavation on  the  slope  shows  an  outwash  delta  at  390  to  300  feet. 

Glacial  Lake  Plains 

Below  the  summit  level  of  the  invading  sea,  indicated  by  the  isobase^ 
of  the  maps,  glacial  waters  were  impossible;  above  that  level  they  could 
and  did  occur.  A  few  glacial  lakes  have  been  and  will  be  briefly 
described. 

The  Warwick  aheA,  southeaflt  comer,  shows  a  wide  valley-filling  soatli 
of  Oiange,  the  village  on  Millers  Uiver,  northern  Massachusetts.  The 
heavier  lake  deposits  are  in  the  southern  part  of  the  valley,  south  of 
Eagleville.     The  outlet  was  southward  by  tlie  passes,  now  under  580  feet. 

The  glacial  waters  of  the  Kaahan  Valley,  described  by  Crosby  (68), 
have  been  referred  to,  page  680. 

A  local  glacial  lake  was  held  in  the  Chepachet  Valley,  in  Rhode  Island 
(Burrillville  quadrangle).  Tlie  valley  has  a  long  stretch  declining 
northward,  which  favored  ice  blockade.  The  Acote  Hill,  close  to  Che- 
pachet village,  and  famous  as  the  fort  in  the  near-battle  in  the  Dorr  Bo- 
bellion,  1842,  is  a  wave-leveled  hill  of  gravel  with  altitude  500  feet,  now 
carrying  the  village  cemetery.  The  point  of  hill  on  the  south  shows 
similar  planing.  This  stage  of  the  Chepachet  Lake  apparently  had  its 
outlet  by  a  channel  a  little  over  a  mile  east  of  Acote  Hill. 

The  capacious  Narragansett  Valley  held  a  lingering  lobation  of  the 
waning  glacier  which  probably  blocked  the  drainage  from  the  west  in 
the  Providence  district.  Sandplains  so  far  above  the  marine  level  that 
they  may  be  attributed  to  glacial  waters  have  been  seen  at  Greenville, 
North  Scituate,  and  east  of  Coventry. 

A  fine  stretch  of  sandplains  lies  in  the  basin  of  the  southwest  branch 
of  the  Pawtuzet  River,  between  Coventry  and  Washington  (Kent  sheet). 
The  plains  form  the  north  bank  of  the  Flat  River  reservoir.  They  were 
built  of  detritus  carried  in  by  several  south-flowing  streams  and  are 
outlined  by  the  contour  of  260  feet.  This  is  only  about  10  feet  higher 
than  the  marine  level  indicated  on  the  map,  and  it  is  possible  that  these 
plains  correlate  with  the  sealevel  waters. 
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Another  group  of  high-level  sandplains  is  toand  at  North  Scituate,  oii 
the  Burrillvilie  quadrangle.  The  hi^er  plains  are  300  feet,  under  the 
village  and  a  mile  north,  witlt  filling  of  the  head  of  the  Moswansicut 
l{iver,  near  Elmsdale  Corners,  at  280  to  290  feet.  By  the  isobaaea  the 
marine  level  is  265  to  270  feet.  The  drainage  vras  freely  southward  and 
the  ice  barrier  would  have  to  lie  south  or  southweat  of  Providence. 

Smoothed  areoB  are  seen  at  Greenville,  about  four  milee  northeast  of 
Korth  Scituate  and  eight  miles  northwest  of  Providence.  These  arena 
are  also  300  feet  elevation,  but  lower  plains  lie  at  2-l:0  feet.  The  marioe 
level  is  270  feet  or  more. 

All  these  plains  are  so  little  over  the  marine  summit  as  to  be  some- 
what doubtful.  There  is  gt)od  opportunity  in  the  area  west  of  Provi- 
dence for  careful,  discriminating  study. 
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